AERONAUTICAL 
JOURNAL. 


A Monthly Ulustrated Magazine devoted 
to all subjects connected with the 
Navigation of the Air. 


EDITED FOR THE 


COUNCIL OF THE ROYAL AERONAUTICAL SOCIETY 


BY 


J. LAURENCE PRITCHARD, Fellow. 


VOL. XXV. 


1921. 


Printed by the Lewes Press, Ltd., High Street, Lewes, and published by the 
Royal Aéronautical Society, 7, Albemarle Street, Piccadilly, London, W.1. 


— 
— 

— 


THE 


AERONAUTICAL cGOURNAL. 


(Founprp 1897 in succession to the ANNUAL Reports). 
THE ORGAN OF THE RoyaL AERONAUTICAL SOCIETY. 
Published Monthly at the Offices of the Society, at 7, Albemarle Street, Piccadilly, London, W.1. 
Telephone: “ Gerrard 7373.’’ Telegraphic Address: ‘ Didaskalos, Piccy, London.’ 


Subscription per annum, £1 12s. 6d.; single numbers, 2s. gd., post free. 
Edited for the Council by J. LAURENCE PRITCHARD, Associate Fellow. 


All communications should be addressed to the Editor. 


No. 121. JANUARY, 1921. VoL. XXV. 


Notices of the Royal Aeronautical Society. 


Visit to National Physical Laboratory. 

As announced in a special notice which is being circulated to every member, 
arrangements have been made for a party of members to be shown the work of 
the Aerodynamic Department of the National Physical Laboratory, Teddington, on 
Wednesday afternoon, January 26th. Any member who wishes to take advantage 
of this opportunity should send in his name to the Secretary on or before January 
17th at the latest. 

It is proposed to travel by the 1:56 p.m. train from Waterloo (arriving at 
Teddington at 2.31 p.m.), and return by the 4.43 or 5.3 p.m. train from Tedding- 
ton {arriving at Waterloo at 5.9 and 5.39). 

Members of the party should obtain their own railway tickets and meet at 
the Laboratory, which is about five minutes’ walk from Teddington Station. 


Transactions. 

A new volume in the ‘* Transactions of the Royal Aeronautical Society ’’ has 
just been published and may be obtained at the Society’s offices, price 5s. It 
embodies a paper on ‘‘ Aero-Engine Efficiencies,’? by Dr. A. H. Gibson, of 
Manchester University, which contains a large amount of important experimental 
data on the thermal efficiency of internal combustion engines. 


Air Ministry Load Factor Committee. F 

At the request of the Air Council, Lieutenant-Colonel M. O’Gorman, C.B., 
and Captain Geoffrey de Havilland, O.B.E., A.F.C., have been nominated to 
represent the Society on the reconstituted Air Ministry Load Factor Committee. 


Scottish Branch. 

The members of the Scottish Branch, through the courtesy of Sir William 
Beardmore, Ltd., recently visited this firm’s works at Inchinnan, when they were 
given an opportunity of examining the new rigid airship ‘* R.36”’ which is in 
process of construction for the Government. 

At a meeting held on December 18th it was decided to inaugurate a Students’ 
Section, under the title of the Glasgow University Ex-Airmen and Students’ 
Discussion Society, in order to provide opportunities for informal discussions. 

The following have been elected to the Scottish Branch in the various grades 
as shown :—Members: Capt. W. G. Cleghorn, Professor A. L. Mellanby, N. A. 
Yarrow. Associate Members: M. E. Denny, R. J. Findlay, T. Howard Rudd, 
A. Speedie, J. Tweedie, Capt. C. E. Ward. 
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Donations. 

The Council desire gratefully to acknowledge the gift of ‘‘ Rigging, the 
Erection and Trueing-up of Aeroplanes,’’ by F. W. Halliwell, the author, and 
also the gift of lantern slides from the Bristol Aeroplane Company. 

Binding Cases for the Journal. 

Arrangements have been made for the binding of complete sets of the Journal 
for 1920 in blue cloth cases with gilt lettering at a charge of 4s. 6d. per volume, 
including the supply of the case. Members who desire to take advantage of 
this arrangement should forward their sets direct to The Lewes Press, Ltd., 
High Street, Lewes, at the same time sending a remittance for 4s. 6d. to the 
Secretary at the Society’s offices. A note stating the name and address of the 
sender should be included in the parcel to the binders. The complete volumes 
will be returned direct to members postage paid. 

Individual sets of former volumes can be bound in the same style at a price 
of 5s. 6d. per volume, including supply of binding case. 


Library. 

The following books have been received and placed in the Society’s Library :— 
‘Rigging, the Erection and Trueing-up of Aeroplanes,’’ by F. W. Halliwell; 
-‘“ The Airplane,’’ by Frederick Bedell; ‘‘ Practical Aeroplane Construction,’’ by 
by F. T. Hill, A.F.R.Aé.S. ; ‘‘ Jane’s All the World’s Aircraft, 1920 ’’; ‘‘ Soaring 
Flight,’ by Lieut.-Col. R. de Villamil; ‘‘ Report of the Lubricants and Lubrica- 
tion Inquiry Committee *’; *‘ Smithsonian Physical Tables,’’ prepared by Frederick 
E. Fowle. 

Lectures. 

The following lectures will take place during the remainder of the present 
session. It will be noticed that the time of starting varies on different dates. 
This has been rendered necessary to fit in with other engagements of the Theatre 
of the Roval Society of Arts :— 

January 20th, 5.0 p.m.—Lord Montagu of Beaulieu, ‘‘ The Cost of Air Ton- 

Miles compared with other forms of Transport.’’ 

February 3rd, 5.30 p.m.—Major G. Dobson, ‘‘ Meteorology.’’ Wing Com- 

mander Outram, C.B.E., *‘ Ground Engineering.”’ 

February 17th, 5.30 p.m.—Mr. F. Handley Page, ‘* The Handley Page 

Wing.”’ 
March 3rd, 5.0 p.m.—Mr. J. W. W. Dyer, “ Airship Fabrics.’’ Major 
T. Orde Lees, ‘*‘ Parachutes.”’ 

March 17th, 5.30 p.m.—Captain ID. Nicolson, *‘ Flying Boat Construction.”’ 
Juvenile Lecture. 

Air Commodore E. M. Maitland, C.M.G., D.S.O., A.F.C., has consented to 
give the annual Juvenile Lecture at 3 p.m. on the afternoon of Tuesday, January 
11th, at the Roval Society of Arts, John Street, Adelphi, on ‘‘ Airship Flights of 
Fact and Fancy,’’ which will be very fully illustrated with lantern slides. Tickets 
for the children of members and their friends may be obtained from the Secretary. 


Committees. 

The usual monthly meetings will take place on January 18th as follows :— 
Lectures and Publications Committee, 4.0 p.m.; Candidates Qualifications Com- 
mittee, 4.30 p.m.; Council, 5.0 p.m. 


New Members. 

Members are asked to note that, commencing with the present issue, the last 
three advertisement pages of the Journal contain an announcement of the objects, 
terms of membership, etc., of the Society, and a list of publications. It is felt 
that this may be useful for the purpose of introducing new members. Copies of 
these pages, printed separately as leaflets, may be obtained on application to the 
Secretary. 


W. Lockwoop Marsnu, Secretary. 
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PROCEEDINGS. 


FOURTH MEETING, FIFTY-SIXTH SESSION. 


The Fourth Meeting of the Fifty-Sixth Session was held in the Hall of the 
Royal Society of Arts on Thursday, November 18th, 1920, Air Vice-Marshal 
Sir Edward Ellington occupying the Chair. 

The CHAIRMAN said it was his pleasure to introduce Mons. Louis Damblane, 
who had come from France to give them a lecture on Helicopters. He was 
sure the Members would agree that he was doubly welcome, first as a member 
of the French nation, our Allies, and secondly as a thoughtful and origina! 
experimenter in one aspect of aviation. He was an engineer of scientific training, 
who since 1917 had been closely connected, on behalf of the French Government, 
with inventions and technical experiments. The French War Office, he under- 
stood, had recently given him an order to make a helicopter to his design and 
test it out. Besides being a scientific investigator, he had proved himself a 
courageous pioneer in practical aviation experiments, and the Members would 
be sorry to hear he recently had an accident in the course of his preliminary 
experiments on helicopters. He had some ditlidence about reading a lecture in 
a foreign language, and therefore Capt. Sayers would read the greater part of it. 

Mons. DAMBLANC (with Capt. W. H. Savers as his deputy during the latter 
part) then delivered the following Lecture :— 


THE PROBLEM OF THE HELICOPTER. 


It is a very great honour to me to have to speak this evening before this 
learned assembly, and I have to thank you very sincerely for the occasion which 
vou have offered me of discussing before you a very important question, one which 
is of interest to the whole of the aeronautical world, namely, the problem of the 
helicopter. 

My aim will be but modest, for I shall simply attempt to develop those 
essential arguments which have given me such entire confidence in the practica- 
bility of this type of heavier-than-air machine, and I shall be content if at the end 
of this paper I have been able, not to convince vou, but at least to interest you in 
the cause which I have at heart. 

The helicopter is not a competitor of the aeroplane. It is an entirely different 
tvpe of aircraft, but the one is the complement of the other, and if their respective 
uses are not the same, they nevertheless will be of equal importance in that 
immense future which we all believe to be reserved for aircraft. 

For military purposes the helicopter will be an incomparable observation 
machine, and, when its horizontal speed becomes equal to that of an aeroplane, 
a formidable bombing machine. For work at sea its advantages are evident. 
Aeroplanes cannot land on the decks of warships except in the face of great 
difficulties and with the aid of special and encumbering landing decks, which 
involve a waste of space which can scarcely be tolerated. 

The helicopter alone is capable of getting over these difficulties in a satis- 
factory manner. By its use it will be possible to rise vertically from the deck of 
a ship and to land in the same way. Merely to mention these several applications 
is to justify the interest which has been taken in the attempts to develop this 
tvpe of machine. 


_| 


THE AERONAUTICAL JOURNAL (January, 1921 


I will not waste time in discussing the history of the helicopter. All the 
world knows that for more than a century many inventors in England as in France 
have taken intense interest in this problem. The greater number of them have 
stopped short at the production of children’s toys, using for motive power, either 
bent whale-bone, skeins of rubber or steel springs. 

One has only to read the numerous patent specifications which have been 
taken out concerning helicopters to realise that most of the authors have had 
either the most elementary or the most fantastic ideas. 

The majority of the patentees have considered only the vertical ascent of the 
machine, and have concerned themselves neither with the maintenance in the air 
nor the gliding descent of the machine. Such conceptions will not stand 
examination. 


In order to be practicable, any kind of flying machine must give complete 
guarantees of stability under all circumstances of flight. 

It was in 1903 that the late Col. Renard, in a very striking communication to 
the Académie des Sciences, brought the first gleam of light to bear upon the 
conditions of vertical flight. This scientist with sure intuition, with enlightening 
and fertile reasoning, has established the fundamental laws which still rule in all 
practical inquiries into the behaviour of lifting airscrews. I propose to speak 
of his works and I shall divide my study of them into three chapters :— 

(1) Lifting force and lifting airscrews; 
(2) Construction of helicopters; and 
(3) The gliding descent of a helicopter with stopped engine. 


(1) LIFTING FORCE AND LIFTING SCREWS. ' 


Col. Charles Renard, in three communications to the Académie des Sciences, 
has dealt completely with the question of lifting airscrews. I will recall to you 
the title of his celebrated notes. 

The first (November 23, 1903) was entitled ‘‘ Upon the Possibility of Sus- 
taining in the Air a Machine of the Helicopter Type, using Internal Combustion 
Engines in their present state of Lightness.’’ 

The second (December 7, 1903) bore the title ‘‘ Upon the Qualities of Lifting 
Airscrews,’’ and finally the third, presented several months before his death at 
Chalais-Meudon (where during twenty-seven years he had unceasingly pursued his 
scientific researches) was entitled ‘‘ A New Method of Construction for Airscrews.’’ 

With the aid of aerodynamic balances, Col. Renard had spent eighteen years 
in studying completely the functioning of lifting airscrews, working with no trans- 
lational motion, and he had determined the characteristic equations of their 
operation. The fundamental formule arrived at by Col. Renard are the following : 


Thrust in Kg. = F = an?D*. 
Power expended in H.P. = T = Bn*D°. 


Where n = revolutions per second, D = diameter of the screw in metres, 
and « and £ are constants for any member of a family of similar airscrews. 
The expression for the useful thrust per horse power absorbed is given by 
F/T = x 1/n. 
It can be seen at once that for the same airscrew the thrust per unit of power 
is greater and greater as the speed of revolution becomes smaller. 


Sustentative Value (Qualité Sustentative). 


Col. Renard has given this name to a characteristic figure used in the study 
of an airscrew, which is determined in the following manner :— 


_ 
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For an airscrew of diameter D the area of the circle swept out by the blades 
will be :—S = 9D?/4. 


If we call S’ the area of an imaginary plane which dropping vertically at a 
speed, V’ will produce the same thrust F as that given by the airscrew for the 
same power expended = T, then the ‘‘ qualité’’ or sustentative value defined by 


Renard is q = S’/S. 


‘ 


‘ > 


It can be seen at once that S’ increases with the ‘‘ qualité ’’ of the airscrew. 
In order to obtain given thrust F, the greater the equivalent plane is the less is 
the work expended in order to obtain this given thrust. This simple statement 
proves that augmentation of the ‘‘ qualité ’’ is equivalent to increasing the aero- 
dynamic efficiency of the airscrew in question. 

If K is the normal resistance coefficient of air one has in the case of the 
equivalent plane 

and T = FV = KS'V" 
om which F*/T? = KS’ = a’/B? . D?, which gives 
from which F*/T KS’ ‘ D hich g 
S’ = a°/B? . D?.. 1/K. The value of gq is 
q = S'/S = 40°D?/B?KnD? = 40° /B?Ka. 

It will be seen that the ‘‘ qualité’’ independently of diameter is a constant 

for all members of a family of geometrically similar airscrews. 


‘ol. Renard has indicated, without actually proving the fac a ality 
Col. R 11 ndicated, without actually pr g the fact, that the quality 
q has a maximum value of :—q = 6p’, p being the efficiency, which, since the 
efficiency cannot exceed unity, gives as a limit q = 6. 


‘The experiments undertaken by Monsieur Riabouchinsky at the Aero-Dynamic 
Laboratory at Koutchino on this matter are most valuable and most conclusive. 
The results given in the following table concern the two-bladed airscrew of 
om 30 diameter turning to 30 revolutions per second and running in a current of 
air perpendicular to its axis. This airscrew had 4o° blade angle, at the centre. 


TABLE I. 
Air Speed perpendicular Power ‘* Qualité ”’ 
to the Thrust Kg. Absorbed H.P. q. 
axis of rotation. : 
oO 0.036 0:32 0.08 
2.5 0.050 183 0.19 
4.2 0.005 0.30 0.50 
5 0.074 0.29 0.80 
6.2 0.082 0.28 1.56 
Some Definitions. 
If V = the speed of ascent in metres per second, N the number of turns 
per second of the airscrew, W = the relative speed of the air for an element of 


the blade—ds—situated at distance R from the centre of rotation. 
The pitch or advance per revolution is :— 
H = 2yR x an(B + 2). 
The pitch diameter ratio is h = H/D. 


The blade area ratio is the ratio between the projected area of the actual 
blade surface upon a plane perpendicular to the axis of rotation and the surface 


| 
| 
| 


THE AERONAUTICAL JOURNAL tJanuary, 1921 


of the circle swept out by the screw of diameter. The curves below give for 
lifting airscrews the general form of the curves of variation of the ** qualité ”’ 
expressed as a function of the four parameters. lhese are the speed of the 
perpendicular current of air, the blade area ratio, the pitch diameter ratio and the 
number of blades. These curves are arrived at from the work of Col. Renard 
and M. Riabouchinsky (Pamphlet No. 11, Bulletin de Koutchino). 


QUALITY g 


(2) CONSTRUCTION OF HELICOPTERS. 


If the manufacturers of toy helicopters are innumerable, the various investiga- 
tors who have built full-size machines to verify their ideas are, on the contrary, 
very few. In France M. Louis Breguet on one hand and M. Paul Cornu on 
the other constructed machines which were for veritable ** bench tests ’’ of sustenta- 
tional airscrews and which gave some interesting results. But the one, like the 
other, limited his efforts solely to solving one side only of the problem, and it 
has been the same with all the other investigators, in particular Mr. Cooper- 
Hewitt, who has made static tests on lifting airscrews driven by an electric motor 
in America. But since 1918 there have been brought forward several projects 
for the building of helicopters capable, not only of sustaining themselves but also 
of steering and of landing properly in gliding descent in case of a breakdown of 
the engines. The whole problem of the helicopter is summarised in these three 
conditions, of lifting, of horizontal translation and of gliding descent. 


The Two Types of Helicopter. 


It is necessary in any scheme for a helicopter to split up the lifting force 
between two airscrews or pairs of airscrews turning in opposite directions in order 
to avoid the rotation of the machine itself around the axis of the airscrew. One 
can conceive of helicopters under the three aspects shown in Figs. 1, 2 and 3, but 


y 

~ { + > 

| | 

— = an 

FIG. 1. FIG. 2. 
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in reality there only exist two separate types (1) the machine with the single axis 
and (2) that with separate axis. 

Advantages of the single axis: Great mechanical simplicity and consequent 
lightness. 

Advantages of the separate axis: Better aerodynamic efficiency of the lifting 
airscrews. 


Construction of Lifting Airscrews. 


It has been seen that for lifting airscrews a very large blade area ratio was 
compatible with high efficiency. The optimum diameter for a lifting airscrew is 
7 metres, and as far as the number of blades is concerned I have always considered 
that 4 was the best number. The blade of a lifting airscrew is comparable in 
dimensions to the wing of an aeroplane, but the loads which it has to carry are 
not similar. Its actual construction should be carried out with spars and _ ribs 
and particularly strong bracing’s, the whole covered with fabric and doped exactly 
like the wing of a monoplane. <A blade should be designed to resist the following 
forces 

(1.) The static loads which depend only on the weight of the machine. For 
these loads a suitable factor of safetv would be seven. 

(2.) Centrifugal loads. These are considerable in a screw of large diameter. 
A blade weighing 30 kg. 3 metres 50 radius with its centre of gravity 2 metres 50 
from the axis is subject at a speed of 200 revolutions a minute to a centrifugal 
force 


Fe = mw*p = 30/9.81 x [2 x @ x 200/60]? x 2.5 = 3,300 Kg. 


It is obviously necessary that the spars should be placed radially in the blade. 

The weight of a lifting airscrew will, all other things being equal, obviously 
be greater than the wing of an aeroplane of the same surface. 

During the recent construction of an experimental helicopter I have found 
that it was very difficult to build a blade of such a lifting screw giving a high 
factor of safety for a weight of less than 8 kg. per square metre. In this weight 
it included all the bracings, fabric, dope and varnish, in fact the whole weight 
of the rotating wing in working order. At the same time I believe that by reducing 
the diameter of the screws from seven to six metres and taking speeds of rotation 
of the order of 150 r.p.m., the weight per square metre can be reduced to 7 kg. 
Further, by using a biplane construction which allows a still further slight reduction 
of diameter and the replacement of bracing wires by well streamlined struts one 
will easily be able to reach 6 kg. per square metre. It is this figure which will 
be taken in the estimates which follow. 

The peripheral speed of a lifting blade should not exceed 50 to 60 metres 
per second on account of the difficulties of construction. The peripheral speed of 
ordinary propulsive airscrews built of wood can easily reach 300 metres per second. 
All the before-mentioned considerations have to be taken into account before one 


can attempt the serious construction of a lifting airserew. I give below by way 
of example the results of an official test upon a complete model one-seventh of 
full size of a lifting airscrew which I have built. The full-size wing has‘ given 


under loading tests a factor of safety of 8. 


ZABLE If. 


Date of Test—September 5, 1918. 


RAP ... 480 778 1,008 1,169 


Power absorbed at airscrew shaft H.P. 0.25 1.05 2.18 


| 
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Barometer at time of test (corrected to o degs. C.) 776.5 mm. Temperature, 
22 degs. C. 


In order that two airscrews may be strictly geometrically similar they ought 
not to vary in their form under load. It is perfectly certain that the above model 
and the full-size rotating wing will not deform to the same extent when rotating 
since they differ in construction, but even if there is a difference it will be com- 
pensated for by the improvement due to the known superiority of full-size results 
over those deduced from model tests. In spite of the great width of the blades 
of this airscrew the figures obtained from it very closely conform to the theoretical 
formule of Col. Renard. In order to interpret the results we must apply the two 
fundamental relations :— 


Thrust in Kg. 

T = 
The results of the last column of the table of tests of September 5th, 1918, 
given for the model tested :—n, = 1,169 r.p.m. = T’ = 3.47 H.P. and F, = 18 Kg. 


The diameter and the maximum speed of rotation of the rotating wing of the 
full-size machine are D = 7 metres, N = 160 r.p.m. If we designate by T the 
power necessary at the shaft of the full-size screw and by F the corresponding 
lifting thrust we shall deduce from the results of the model test the following 
value for lift and the power :— 


T=T 


1 


on 


1 


(N/n,)° (D/d)> = 3.47 (160/1169)° (7/1.0 
)? (7/1.0 


) 
(N/n,)? (D/d)* = 18 (160/1169)* (7/1.05)* = 7oo Kg. 


wn 


1 


The actual helicopter which is in view uses two turning wings geometrically 
similar to that of the model tested, and each of these wings will then be capable 
of a thrust of 700 kg. for a power of 115 h.p. The supreme importance of this 
test lies in the fact that the actual helicopter as built only weighs 1,200 kg. and 
consequently each of the wings will only have to support 600 kg. 

In addition, the useful power available per wing is 130 h.p., and finally the 
fixed incidence given to the blades of the model was only 1o degs. The excess 
of lifting force therefore is approximately 200 kg. for two wings together. 


Stability of the Helicopter. 


With reference to the centre of gravity of the helicopter we have to take 
account of three conditions of stability :— 


(1) Longitudinal stability, which must be obtained around a horizontal axis 
through the centre of gravity and parallel to the plane of symmetry. 


(2) Lateral stability; stability around the axis parallel to the length and 
passing through the centre of gravity. 


(3) Rotational stability round a vertical axis through the centre of gravity. 


In order to maintain its equilibrium in all positions a helicopter must possess 
rudder, elevator and special arrangements capable of producing effects similar 
to those due to the ailerons of an aeroplane. This question of stability is the 
most important one met with in the helicopter, and various solutions, several of 
which have already given valuable results, but into the details of which it is not 
now permissible to enter, are now being tested. 


| | 
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Equations of Sustentation and Practical Coefficients. 


Calling 
T = h.p. supplied. 
p = weight of airscrews. 
r = efficiency of transmission gear. 
q qualité of airscrews. 
S, = surface of normal plane equivalent to the resistance to vertical! 
ascent. 
K = 0.08 = normal coefficient of resistance (flat plane). 
F = thrust (lift) in Kg. 
P = total weight of helicopter. 
n = revolutions per second of airscrews. 


Taking the case of a machine with two screws each 7 metres diameter, with 
four blades at the ground, the equation of equilibrium is 

P= = 
If the force F becomes superior to P, the helicopter leaves the ground. 
The acceleration on leaving the ground is :— 

P/g . y = 2F —P— KSV’. 

The term KSV? is negligible at the start. 
It has already been shown that the interpretation of the results of Table No. 2 


gave for D = 7 metres and N = 160 r.p.m. F = 7oo Kg. or 2F = 1,400 Kg. 


Weight of the Helicopter. 

It may be taken that a helicopter, with 250 h.p. engines, will weigh in flying 
order 1,000 Ke. = P. 

At the rate of 6 Kg. per square metre, the weight of the screws (of 4o square 
metres) will be p = 6 x 4o = 240 Kg. 

Experience has shown that the total weight P is about 


P = 4p. 


Speed of Climb at Start. 
P/g . y = 1,400 — 1,000 = 4oo Kg. 
from which y = 400 x 9.81/1,000 = 3.80 metres per sec. 
The general equation for the vertical flight of a helicopter is of the form :— 
P/g . dV/dt +P + = 4T,/nD . p. 
Where 1 = efficiency of the transmission gear (= 0.95). 
u = the density of air at the altitude Z. 


lr, = engine power at sea level. 


ALONG AXIS 
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Speed of Horizontal Translation. 


It will be seen that if 2F is the total resultant thrust along the inclined axis 
OY’ of the airscrews that the total horizontal component (OA for the element ds) 
will be for the whole machine :— 


OA = 2F sin y. 
For 2F = 1,400 Kg. y = 10°. 
OA = 1,400 x 0.174 = 250 Kg. 
If the resistance to horizontal flight is the equivalent of 2 sq. metres of normal 
surface the speed of translation will be 
V = o(250/0.08 x 2) x 3.6 = 140 km.p.h. 


The lower the resistance to translation at movement the less is the inclination 
of the airscrew axis necessary to give any required horizontal speed. 


Gliding Descent of a Helicopter with Stopped Motor. 


This is the most vital point in the problem of the helicopter, for the adver- 
saries of this type of heavier-than-air machines make it their essential argument 
that a safe descent under these conditions seems to them to be impossible. I wish 
to show in what follows that the vertical gliding descent of the helicopter with 
unclutched screws is actually possible, and to conclude that there should be no 
delay in solving this problem. 


A descent with stopped motor can occur in two manners. First, airscrews 
declutched, turning round their axis as windmills, with a suitable incidence on the 
blades so that their direction of rotation may not be reversed. 


Second with airscrews stopped in a fixed position as soon as the engine stops. 
Fixed Screws. 


I shall have little to say upon this second solution of the problem, in which | 
have very little confidence. It is equivalent to turning the helicopter into a very 
bad glider which will descend in an inclined path very much as an aeroplane does 
and this thanks to the use of appropriate gearing. 

The total surface of the glider in this case will always be less than the sum 
of the real surfaces of all the blades of the airscrews. This ‘‘ cut up’”’ surface 
will have a very poor efficiency because of the very unfavourable conditions under 
which the blades have to work. The real surface available for gliding with fixed 
airscrews will also always be inferior to the surface swept out by the same airscrew 
in rotation. Even admitting that the blade area coefficient is equal to one, that 
is to say that the total surface of the blades is equal to the surface of the total 
swept circle, the component Ry of the resistance will be very much less than that 
corresponding to an ordinary wing of the same surface. Only the blade A 
(Fig. 5), 7.c., one quarter of the total surface, if it is a four-bladed screw, will be 


, 


Vv 
S. 


working under normal conditions. For the other blades of the airscrew the leading 
edge will be either the trailing edge or the tip of the blades. 


| 
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The mean lift coefficient of such a set of surfaces will be very small and 
probably of the order of one quarter of that of a good biplane wing. In practice, 
if we take for the airscrew in question a minimum aspect ratio of R/L = 1.95 
for R = 3 metres 50, we shall have the real surface for the airscrew fixed in 
position for the gliding descent of 


S = {3.5 x $(2 + 1)} 4 = 21 sq. metres. 


For the two screws of the helicopter we have taken as the total surface 
S = 40 metres square. For straight gliding descent taking a mean figure of 
5° incidence and an air speed of 110 km. an hour (30 meters a second approxi- 
mately) the equation for the lift is then P cos 6 = KySV?. 

P = the total weight of the machine. S = lifting surface = 40 square metres. 
V = speed of translation along the line of gliding flight. 


The lift of a good wing section for 6 = 5°, Ky = 0.03. 


The lifting surfaces now in question work under such unfavourable conditions 
that it is only permissible to take a very low value of Ky, for instance that 
corresponding to the Bristol wing (Air Board, May, 1916), which for the angle of 
attack of 5° is Ky = .007. 

Then 

P = KySV?/cos 0 = .007 x 40 x 307/0.996 = 255 Kg. 

We have then a glider which is not capable of sustaining more than 6.5 kilos. 
per square metre. It has been seen above that the airscrews decanackees. weigh 
at least 240 kilos. and that the total weight of the helicopter is about four times 
this weight—that is to say, about 960 kilos. It is, therefore, extremely likely that 
such a machine with stopped motors will dive to the ground nearly vertically and 
at a high speed. If we take it that a normal glider can carry 30 kilos. per square 
metre, it will be seen that the efficiency of the fixed airscrew system is about five 
times less than that of the normal glider, and that it is obviously too low. 

Finally the mechanical difficulty of stopping and fixing the airscrew instan- 
taneously in the desired position will be very great, and, more than that, -very 
serious disturbances of the normal operation of the machine are to be expec ted at 
the same time. 


Case of the De-clutched Airscrews. 


This is the only rational solution of the problem of controlled descent of the 
helicopter with stopped engines. It is proposed to examine in detail this important 
subject. In the first place, centrifugal de-clutching—that is to say, use of a clutch 
which operates in accordance with the speed of the engine—is obviously suitable, 
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because the operation is automatic and immediately frees the airscrews from the 
engine as soon as this stops from any cause whatever. Two cases have to be 
considered. 


Stoppage of the Engine during Vertical Ascent. 


Immediately on the stoppage of the motor the balance between the lift of the 
airscrews and the weight of the machine is destroyed. If the readjustment does 
not occur immediately a catastrophe is inevitable, because the screw de-clutched 
and still turning in the same direction tends to stop and then to reverse. There 
is therefore produced momentarily a break of continuity in the equilibrium of the 
system, for the lift will drop to zero at the period of reversal of the airscrews. 
Fig. 7 represents upon one element of the blade situated at the distance R from 


Y 


the axis of rotation the resultants of the reaction.of the air during normal ascent. 
If we admit the hypothesis that the machine will not be out of equilibrium in its 
path of descent during the period of zero lift corresponding to the reversal of the 
screws, there must be a new state of equilibrium characterised by Fig. 8. The 
only acceptable solution, however, is, it can be seen, that of Fig. 9, for this allows 
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FIG. 10 


maintenance of the same direction of rotation of the airscrews as in ordinary flight, 
with stopped engine. The lifting force is transformed immediately into a braking: 
force, and no accidents are to be feared under these conditions. 

The normal descent of the helicopter with stopped engine should be made with 
de-clutched airscrews and with blades readjusted to give the same direction of 
rotation. 
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Engine Stopping During Horizontal Flight. 

It has been seen in the consideration of lifting force that the angle y is very 
slight, and that a small inclination of the axes of the airscrews provides a horizontal 
component sufficient for the forward movement of the machine. Let the vertical 
speed be considered zero at the moment of the stoppage of the engines. The 
element—ds—of the blade at this instant will be at the position (1) of Fig. 10. 
The relative speed of the blade—w—will diminish rapidly with the angle 7, as will 
the component O.B. (the lift component). By use of the elevator one can 
immediately bring the axis of the airscrews back to the vertical, and C.Y* and 
C.X! will coincide with C.Y. and C.X., and the machine will no longer move 
forward. At this moment the element ds occupies the position 2. The vertical 
speed of descent for the first second is large relatively to w, which diminishes 
very rapidly. The angle of incidence i may at this moment have very large value, 
something in the neighbourhood of normal attack, and we have therefore arrived 
at the position 2. In the same case is that already treated—stoppage of the motor 
during vertical ascent, and the diagram of Fig. g gives the solution desired. It is 
to be remarked that position 3, which is reached as the last manceuvre for vertical 
descent, approaches position 1 for horizontal flight, but with position 1 the axis 
of the airscrew is inclined, and in position 3 this axis is vertical. Even in 
this very general case it can be seen that the braked descent presents no serious 
difficulty, and that the problem is quite simple to solve. 

It is equally possible to conceive in the case of the helicopter with declutched 
screws a spiral gliding descent. In this case the machine descends in spirals at 
a uniform speed, and turning round a vertical axis and the centre of gravity will 
describe a helix, and in order that equilibrium may be maintained it is sufficient 
that the resultant total velocity shall be vertical, and that its line of action shall 
pass through the centre of gravity of the whole spiral system. 

In the equations of equilibrium of the helicopter it will be necessary to take 
into account the centrifugal forces due to the rotation of the whole machine, which 
are more or less important as the radius of the cylinder of revolution becomes 


greater. 

The vertical gliding of the machine at a uniform speed produces no supple- 
mentary inertia forces. All other things being equal, it is perfectly certain that 
in spiral descent the vertical speed of gliding will be sensibly less than in the case 
of the vertical gliding descent. 

From recent experiments it appears, and calculations confirm the results of 
these experiments, that a good lifting airscrew used as a brake in this way at the 
optimum angle of attack will give for two blades a breaking force 

For a four-bladed screw we shall have 2IF*, the braking effect being proportional 
to the surface. It has already been said that for the best lifting airscrew 
D = 7 metres. The table below shows the very great increase in the braking 
effect F with increase of the vertical speed of descent. I have added to the 
same table the weights for an airscrew 7 metres diameter with four blades of 
16 square metres surface, weighing 6 kilos. per square metre, or 96 kilos., in 
round figures 100 kilos. The last column gives the excess of braking force over 
the weight of the screw itself, which is available for descent. 


Velocity of Braking 


ascent, Force Excess F 
metres 2 Weight of Excess F for the two 
per second. Vii. Screw. per screw. screws. 
kilos. kilos. kilos. kilos. 
3 178 100 78 156 
+ 315 100 215 430 
4.5 400 100 300 600 
5 500 100 400 800 
6 700 100 600 1,200 
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It has been shown that the total weight of the helicopter is roughly four times 
the weight of the screws, or in the case which is now being considered, 800 kilos. 
For the speed 4.5 metres per second we have therefore descent in equilibrium. 


What is Safe Limit for Vertical Descent? 


It has been claimed by certain persons that 3 metres per second was the 
limiting speed allowable for descent, and that the human organism could not 
tolerate without serious inconvenience more than 4 metres. I would simply 
remark here that it is admitted in fact that a normal aeroplane is considered to 
allow of safe landing when the horizontal speed near the ground is 110 kiloms. 
per hour and its vertical speed is 4 metres per second. In gliding flight a horizontal 
speed of 180 kiloms. is normal and the vertical velocity of descent is about one- 
tenth of this value, in this case 5 metres per second. All good pilots are unanimous 
in stating that landing under these conditions is perfectly supportable. 

The Inter-Allied Commission, in their reports upon parachutes for aircraft, 
take as a basis for their investigation the following condition :—‘t Speed of descent 
less than 5 metres a second,’’ which is to say, a speed of descent up to 5 metres 
a second can be tolerated, and finally, which is verv important, the Service 
Technique I’.\¢ronautique Francaise, in their specifications for new aircraft, impose 
upon the under-carriages of night-flving aeroplanes the following conditions :— 
** The elastic connections shall be designed for forces which shall not exceed those 
due to the machine falling vertically from a height of one metre.’’ That is to say, 
that for a night-flying aeroplane the vertical speed of contact with the ground 
may attain, without danger, H=1 metre V=/ 2gH=4.45 metres a second. It is 
therefore perfectly possible, using already known methods of shock-absorbing, to 
consider that a safe vertical speed of descent for a helicopter is between 4.5 and 
5 metres a second. 

For any airscrew we see that the braking effect is directly proportional to 
the square of the speed of descent. If for the screw of diameter 7 metres a speed 


of descent is V = 2.5, braking force F = 122 kilos. In this case it would become 
for V = 5 metres a second, F = 488 kilos. When the speed of vertical descent 


becomes twice as great the ‘‘ braking *’ force becomes four times greater. 


Conclusion. 


In the golden book of the Science of Aeronautics, where there are already 
. . © 4 ~ 99 
inscribed those glorious conquests which we know as balloons, airships 
and ‘‘ aeroplanes,’’ the last page is reserved for the helicopter. 


In a few months the helicopter will enter upon a phase of decisive achievement. 

A fact which is remarkable is that with the helicopter no new principle is 
involved. Everything is known, and it is merely a question of adaptation. The 
progress of aerodynamics during the war will find here a direct application. 
Powerful and light engines of a high power to weight ratio, the improvement in 
the qualities of wings, the use in construction of light alloys will all play their 
part. 

There is one single shadow over the picture; it is that of the difficulties of 
actual mechanical construction. The helicopter will be an instrument of precision 
whose parts will be united one to the other by members carefully constructed and 
minutely calculated. This heavier-than-air machine will be more than any other 
dependent upon craftsmanship. 

But we have already solved an even more delicate problem in the construction 
of the aero-engine, that veritable masterpiece of skilled and_ intelligent 
workmanship. 


What will be the first use of the helicopter, the most important, the mojst 
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desirable? My own idea is that the first helicopter will be called more properly 
hydro-helicopter. For marine navigation work the value of the helicopter is of 
the very first order. The helicopter will be the eye of the ship. To state only 
one example of its use, I can see in the near future a flotilla of helicopters rise 
from the deck of a liner in distress, and take into security, several hundred metres 
above the angry waves, all the passengers, women and children, while they wait 
for a rescuing ship. 


For naval purposes applications for the helicopter are of capital importance, 
for seeking out and for bombing submarines, for fire control, for inter-communi- 
cation purposes, and for the carrying of supplies between squadrons the helicopter 
will necessarily be an invaluable auxiliary. 


The probable characteristics of the first tvpe of helicopter to be constructed 
will be something as follows :— 


Total weight 800 kilos. 


Useful weight, pilot and armament ... ... 150 kilos. 

Engine power... P20. hsp: 

Climbing speed ... 3 metres a second. 
Horizontal speed .... 100 kiloms. an hour. 


The construction of such a machine ought not to be far off, for—and this is, 
I consider, very important, even if all the problems which are encountered in the 
construction of the helicopter are not yet completely solved—the hydro-helicopter 
is nevertheless already possible and usable. 


‘* The Times,” in an editorial notice on November 3, 1920, dealing with the 
question of landing an aeroplane on the deck of a ship, terminates its article with 
these words :—‘‘ One can therefore have no doubt as to the importance of the 
helicopter.’ 


It remains for me only to thank vou very sincerely for your very kind attention, 
and I hope you will allow me, in finishing, to state that it is my convinced opinion 
that the vear 1921 will see the realisation of the first practical flight of a helicopter 
flving machine. 


DISCUSSION. 


Dr. H. C. Warts expressed his thanks to the Author for his kindness and 
courtesy in coming there to lecture on this interesting subject. Whilst he (the 
speaker) had not been altogether convinced by what the Author had said, yet 
he had been interested. The subject of helicopters was an old one, but he thought 
that too frequently discussions concerning it were characterised by a lack of 
appreciation of the real problems involved. The subject was often discussed 
and dismissed as being only a propeller problem of obtaining a high thrust per 
horse-power. This side of the problem, he ventured to say, had for some time 
past been considered by propeller designers as solved for low altitudes. It would 
have been appreciated from this lecture that that side was a small part of the 
problem. Given a certain engine horse-power the essentials of high thrust were 
well known though the lecturer had not clearly stated them. Mons. Damblanc 
had concluded that for any given propeller the lift varied inversely as the rate of 
revolution. A more general and equally true statement was that for any propeller 
of a geometrically similar series the lift varied inversely as the tip speed. The 
further essentials were a large diameter and an aerofoil section giving as high a 
lift-drag ratio with as high a drag coefficient as possible. 

The gross lift per horse-power might be increased indefinitely by increasing 
the diameter, but since the nett thrust was the gross thrust less the weight of the 
wings, there was some optimum diameter above which although the gross lift 
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increased, the weight of the wings increased to such an extent that the nett thrust 
decreased. 

The lecturer had placed that limit for 130 h.p. at 23ft., and at this limit his 
wings weighed about 1}lbs. per sq. foot. The lift he obtained worked out at 
133lbs. per horse-power. This was not an exaggerated figure. He (the speaker) 
would expect a higher figure. He thought 2olbs. gross lift per horse-power might 
easily be obtained. If not, the helicopter would be of no particular value. The 
weight of the helicopter proposed by M. Damblanc was 2,640lbs.; the lift at 
ground level was about 3,o0olbs. The ceiling could therefore be little more than 
5,000 feet. At the ceiling all the thrust would be required merely to support the 
machine and the translational velocity would therefore be zero. Under these 
conditions its powers of manceuvring would be almost negligible, and he put it 
to the meeting that an aircraft with only a ceiling of 5,000 feet, with no trans- 
lational velocity at that height and with little power of manceuvring, had no 
serious military value. It would be particularly vulnerable to anti-aircraft fire 
and to attack from quite ordinary aeroplanes. Provided the helicopter could be 
maintained in steady level flight, he (the speaker) thought the lecturer’s estimate 
of forward speed not over-estimated. This, however, only applied to ground level. 
As he had already mentioned, the speed at the ceiling of the aircraft must be zero. 

The more serious and more difficult helicopter problems were those of* stability 
and rate of descent with engines cut out. 

In vertical ascent the natural pendulum stability of the helicopter might con- 
ceivably be of some use but would be of small value for level flights. As regards 
longitudinal stability the problem was similar to that of an ordinary aeroplane. 
Close examination of the problem would show that as the nose of the aircraft 
went up the centre of lift travelled forward, thus introducing a positive moment 
of increasing magnitude. This could be met as in the ordinary machine by 
introducing a negative tail moment. At the low flight speed near the ceiling, 
however, the helicopter must be dangerously unstable. As regards the lateral 
stability he preferred not to speak without further consideration. 

He had not been convinced as to the possibilities of safe descent with the 
engines cut out. In the first place, according to M. Damblanc’s design, the 
propellers were automatically declutched when one engine cut. The pilot must 
then quickly bring the helicopter to a horizontal position and also alter the pitch 
of his propeller to prevent reverse rotation. All this must be done before the 
aircraft got into an uncontrollable position. 

The lecturer has admitted that he was not hopeful about a safe descent with 
fixed propellers. He (the speaker) agreed with him, but he was no more convinced 
about safe descent with propellers freely rotating. In fact, unless some resistance 
was introduced to absorb the power generatedeby the windmilling of the propellers 
the resistance to falling would almost certainly be less than with propellers fixed. 
The velocity of five metres per second when approaching the ground appeared to 
him too high. In English units it was some 11 miles per hour—a good speed for 
an ordinary push-cycle. One obtained a fairly geod idea of force of impact by 
imagining oneself riding a push-cycle loaded with all the weight of the helicopter 
into a brick wall at full speed. Even with good shock-absorbing devices the 
speed seemed too high for practical purposes. 

When one had solved all these problems there was still the question of 
mechanical design, and he thought that this alone would be sufficient to deter 
anyone not possessing the optimism and the courage of M. Damblanc. 


But if there was anything in this idea and if there was any use in model 
experiments, this was surely a case for model rather than full size trials. In this 
way many of the doubtful points could be settled and a large amount of information 
could be obtained such as the resistance of a propeller to a side wind and, for 
the purposes of stability calculations, the movement of the centre of thrust as 
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the plane of rotation of a propeller is inclined to the wind direction. The expense 
and the risk to life involved in building a full-sized machine could thus be avoided. 

Although he had been critical, he again thanked M. Damblance for his lecture. 

Mr. IF. HANDLEY PAGE said, in discussing the helicopter, that there were two 
phases to talk about. One was the problem of rising and alighting, the other 
the problem of forward movement through the air. Most people seemed to attach 
importance to the question of rising and alighting, and though it was, of course, 
important from a safety point of view to alight safely, vet undue importance was 
attached to hovering in the air. Purely from the point of view of commercial 
air transport, one did not want to remain stationary in the air. It was only from 
a military point of view—and even then limited in use—that it was of any value. 


In dealing with the problem of forward movement the question as to which 
was better, the helicopter or the ordinary aeroplane, was one that would be solely 
determined in practice, the ultimate choice being for the type which gave the 
highest forward speed with a given useful load per horse-power. Apart, how- 
ever, from actual practical data, which were not vet available for the helicopter, 
it seemed to him that from the helicopter mechanism photograph shown, an 


aeroplane must be more eflicient from a structural point of view. The aeroplane 
must therefore have a less structure weight and a greater proportion of useful 
weight-carryving capacity. The head resistance would appear less, and therefore 


higher speed could be obtained with a given horse-power. This would seem to 
point to the conclusion that with an aeroplane a greater useful load could be 
transported with a given horse-power at a given speed, or alternatively with a 
given load and horse-power a greater speed could be obtained. 


It was questionable from an operational point of view, as he had already 
stated, whether the helicopter’s power of getting off the ground quickly was an 
advantage. .\s commercial air transport developed, longer distances would be 
flown, and the question of starting and alighting would become of lesser importance. 
The aeroplane would therefore be comparable to soaring birds, such as the vulture 
or the albatross, which rose from the ground with difficulty but flew long distances, 
and not comparable to the sparrow, which flapped its wings and flew more or less 
vertically upwards for short distances. 

The value of the helicopter was, to a large extent, discounted by recent 
improvements in high liit wings. Now that lift coefficients with this new type 
of plane had been obtained of, approximately, 2—measured in absolute units— 
the problem of getting off the ground quickly was much easier than in the old 
days, when a lilt coefficient was rarely obtained higher than .7 or .8, even with 
a high lift wing. With such high lift planes one could get off the ground more 
quickly and climb at a very much steeper angle. 


There was also the difficulty of controlling the helicopter when in the air. 
Evervbody in favour of the helicopter said, *‘ How beautiful it is; you can go 
straight up very quickly,’’ but they overlooked the fact that if one was not very 
careful when the motor stopped he could come down equally quickly. To avoid 
this one had to plane down with the propellers declutched and rotating. To do this, 
however, involved altering the altitude of the machine and reversing the curvature 
of the blades. Such warping schemes had not been a success in the ordinary 
aeroplane, and for success in a helicopter the mechanism would probably have 
to be replaced by ailerons. It struck one very forcibly, however, that the problem 
of alighting was a very serious one with the helicopter. 

In spite of all the criticism directed against the helicopter in general, one 
must admire the courage of anyone who had gone forward and constructed a 
machine with all the intricate mechanism which comprised Monsieur Damblanc’s 
helicopter, and one would wish him every success. 


One final question he would like to ask was—had the machine ever flown? 
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Mr. M. A. S. Rtacu said the type of heavier-than-air flying machine known 
as the helicopter was one in which he was greatly interested. To be able to 
rise and land vertically strongly appealed to the imagination, and they had all 
read Jules Verne’s romance, ‘‘ The Clipper of the Clouds.’’ There appeared to 
be three main difficulties which must be overcome before the helicopter could 
evolve into an engineering proposition. They consisted of (1) the problem of 
sufficiently slow descent, i.e., landing, (2) the accomplishment of horizontal flight 
as the aeroplane, and (3) stability whilst in the air under all conditions. Of these 
three, the first (the problem of safe descent) could be overcome at least theoretically 
by employing large enough diameter lifting propellers, and this then reduced the 
question to one of structural design and the limitations of size imposed in practice. 
The second (horizontal flight) seemed feasible in theory, but probably would be 
accomplished with safety if sufficient attention were directed to the helicopter. 
The third (stability) still awaited solution along analogous lines to those adopted 
by Bryan for aeroplane stability. He inclined to the view that 2 and 3 were 
largely inter-related and would be successfully solved during the next few years. 
This left the problem of safe descent to be considered. Perhaps it would be news 
to some that the helicopter must, if stable, reach a ‘* terminal velocity *’ of descent 
after the motor had stopped, provided that the lifting screws were free to rotate 
independently of the engine. As an illustration, a stone falling from rest under 
gravity would, after any distance of fall, have acquired a known velocity, and in 
consequence it would possess a definite amount of kinetic energy. Suppose that 
a second body of equal mass is free to fall from the same height at the same time. 
If this second body, by some means, be caused to rotate about its axis of ‘fall 
and the cause of its rotation be the relative air velocity due to its falling motion, 
then such rotation was indirectly caused by gravity. After it had fallen the 
same distance from rest as the stone, it would be both rotating and falling. 
Hence it would possess a rotational energy and a kinetic energy, the sum of the 
two energies being equal to the energy of the stone of equal mass. So that 
evidently the velocity of fall of the rotating body must be less than the velocity 


of fall of the stone for a given distance of fall. Now the helicopter whilst 
descending was the rotating body, and therefore it would fall slower than a stone 
by virtue of its rotation, This led to the paradox: If the helicopter rotated 


sufficiently rapidly it would not fall at all! Actually, of course, it must fall in 
order to rotate. But a ‘‘ terminal velocity ’? was soon reached, after which the 
helicopter fell like a parachute. It was for engineers to make such ‘* terminal 
velocity ’’ sufficiently small to permit of safe descent and landing. This, he 
imagined, meant the use of excessively large lifting screws, unless some alternative 
could be produced. Recently attention had been directed to the possibilities of 
the steam plant applied to aircraft. The helicopter conceivably might be helped 
by using, instead of the conventional aero-engine, a steam system. He was 
thinking particularly of the landing difficulty. If a steam engine and boiler of 
the fire-tube type, which held a large quantity of water, were used, the helicopter 
could descend in perfect safety even after the fuel supply had been cut off by 
utilising the reserve steam energy in the boiler to drive the lifting screws. The 
danger of fire in the air was also greatly reduced with a steam plant. As regarded 
(3) the stability question generally for the helicopter, he was not in a position to 
discuss. It would have to be worked out along the lines of aeroplane stability. 
With regard to (2) horizontal flight, the easiest and most rational way of securing 
horizontal flight was by inclining the plane of rotation of the lifting screws away 
from the horizontal, in whatever direction it was desired to travel. This brought 
in at once all kinds of new conditions as regarded the working of the lifting 
screws on account of the change in relative velocity as each blade rotated. Experi- 
mental work was required here. For lifting screws having two blades, a periodical 
motion was introduced, and the horizontal velocity of the helicopter became a 
function of the time, having maximum and minimum intensities. The multi- 
bladed propeller might be useful here, for then the period was very small and 


the horizontal velocity became nearly uniform. A helicopter moving sideways 
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was analogous, as regarded its lifting screws, to a side wind on an aeroplane 
propeller. He congratulated Mons. Damblanc upon the system he had adopted 
of using two lifting screws of equal diameter rotating side by side. It was, he 
thought, the most intelligent arrangement of any. 

Captain GoopDMAN Croucu said that one could only have great admiration 
for a pioneer who attacked a problem of this kind with confidence in his ability 
to solve all the incidental problems connected with it. It was his opinion, how- 
ever, that a solution of these problems should be sought before attempting the 
construction of an aircraft of this type. 

He suggested that possibly the value of the paper would have been increased 
as far as an English audience were concerned if time had been available for the 
translation of the various French symbols used. The problem of descent had 
only been briefly touched upon, and it had perhaps not been realised that there 
were a great many mechanical difficulties, and even on Mons. Damblanc’s figures 
no very satisfactory landing could be hoped for, quite apart from the difficulties 
of application, and the constructional and mechanical problems involved in an 
attempt to secure adequate stability. 

The CuaikMAN announced that the Lecturer would reply to the discussion in 
writing. He proposed a hearty vote of thanks to Mons. Damblance for his kind- 
ness in coming there to give his Lecture, and for the interesting information he 
had given them. He thought the members would all join in wishing him luck 
in his forthcoming experiments, and hoped his rate of descent would prove both 
theoretically and practically suitable. They had also to thank Capt. Sayers, who 
had discharged a very diflicult task. He had not had much time either to translate 
the Lecture or go through with the Author the various points in the Lecture that 
had to be explained, but he had done it extremely well. 

[M. Damblanc’s reply has not been received at the time of going to press. 
It will be printed in an early issue.—Eb1ror. | 


On the motion of Brig.-Gen. R. K. BAGNALL-WILD, a vote of thanks was also 
accorded Sir Edward Ellington for presiding. 
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A NOTE ON THE “INFLOW” THEORY OF THE 
AIRSCREW. 


BY M. A. S. RIACH, F.R.AE.S., ASSOC. INST. N.A. 


The following note has been written partly by way of a commentary upon 
Dr. H. C. Watt’s recent article, in the July number of the AERONAUTICAL JOURNAL, 
entitled, ** A Note on the Theories of Screw Propulsion,’’ and partly by way of 
an explanation of the apparent inconsistency of the ‘‘inflow’’ theory of the 
airscrew. 

Consider an element of a propeller blade situated at a radius of 2 from the 
boss centre of the propeller and having an angle of » between the chord line of 
the blade section and the plane of rotation. The form of the blade section is 
considered to be that of an aerofoil, of which the characteristics are known 
from wind channel experiments upon a model of the same geometrical form 
(Fig. 1). 

We wish to apply these wind channel data to the propeller blade clement 
with rigorous consistency, i.¢., as far as the two respective régimes of the 
propeller and the aerofoil permit. 


react 
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FIG. 1 
All rotational impressed velocities are here ignored. They are in any case 


quite small and do not affect the present argument, they serve purely as corrections. 

Let a, Fig. 1, be the angle between the chord line of the blade section and 
the *‘ free wind ’’ direction F.W. marked with the double arrows. Then F.W. 
is defined as being the analogous free wind direction of the simple aerofoil as 
tested in the wind channel. 

V is the axial velocity of advance through the undisturbed air, i.e., the 
velocity of the aircraft. 

2znx is the circumferential velocity of the blade element due to its rotation, 
where n = revolutions per second of the propeller. 

S, is the interference flow caused by the interfering action of the blades 
upon each other. It is the only real physical inflow which requires consideration 
here. 

So far all is harmony, and no inconsistency exists in the analogy drawn 
between aerofoils and propeller blades the sections of which are aerofoils. 

Now we require, among other things, to be able to calculate the thrust 
exerted by the blade element. 


| 
| 
| 
| 
| 
| 
| 
| 
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Let us apply the aerofoil analogy and with it the wind channel data. Let :— 
Ky = coefficient of lift of aerofoil, in non-dimensional units. 
tan y = drag lift ratio of aerofoil. 
b = chord width of aerofoil. 
p = mass/density of air. 
Then the lift on the aerofoil section, at radius x, will be :— 
ky p b bx [(V + Sy)? + 4x?n?x?] 
or 
ky pb dx sec? — a) 

Now Ky is a function of the angle of attack a, so that we know the value 
of the above expression when we know the value of a. At present we do not 
know the value of a. How are we to find its value? 

Alternatively it is seen that we know a if we know S,, i.e., if we know the 
magnitude of the interference inflow velocity. But as vet we do not know the 
value of Sy, either. 

From considerations of momentum we can attempt to estimate the thrust 
of the blade element independently of aerofoil data. 

Let 6M denote the mass of air which is engaged per second by the blade 
element and from which it derives (in conjunction with the impressed axial slip 
velocity) its thrust. 

Let S, denote the axial slip velocity imparted by the blade element to this 
elementary mass of air 6M, 

Then the axial thrust of the blade element is 6.1. S,. 

But, returning to the aerofoil estimate of axial thrust, we see that we can 
measure the same quantity from the aerofoil data. It is (see Fig. 1) :— 

Lift x cos (@¢ a) — drag x sin (¢— a) 
= lift x cos (@#——a) x [1 — tan y tan (¢ — a) ] 
and tan y is also a function of the angle of attack a, 
= Ky p b dx 4x°n72? sec (¢ — a) [1 — tan y tan (¢ — a) | 

Since however, by definition, this same quantity is measured by 6. .S,, 
the two quantities must be equal. Therefore we are justified in equating them. 
Thus :—~ 
.S, = Ky pb dx sec (p—a) [1 —tany tan (¢ — a) 

Now, to be of any value to us in our search for a, we must know something 
about 6M and S,. Take 6. first. Let us assume that the quantity of air passing 
through any annulus per second at a radius of «x is 

ana ba (V + S,) 

That is the volume of air per second engaged by N blade elements (at corre- 
sponding radii 7» on each of the N blades) is the product of the axial velocity 
(V+ S,) and the annular ring area 272627, where N = number of blades. 
This, it is true, is an arbitrary assumption, but some similar kind of assumption 
must be made if we are to proceed. The particular assumption made in any case 
does not materially alter the argument. 

OM = [p2az (V + S,)]/N 


Hence, substituting for 4M, we get :— 
Ky = [S,.(V + cos (¢—a)]/ { Nbazn?a [1 — tan y tan —a)] } 


But, from Fig. 1, we know that 
| 


+ S, = tan — a) 
so that substituting this value above, we get :— 


Ky = 8, sin (¢—a)/ { Nbn [1 — tan y tan (¢ — a)] } 


| 

| 

| 

| 

| 

| 
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Now in this formula we know the values of each of the following symbols :— 
o, N, b, n, and both Ky and tan y are functions of a. 

Hence in this equation we have got Ky as a function of a and S,, and certain 
constants ¢, N, B, and n. Suppose that we knew S, completely, then we should 
have simply an equation giving Ky as a function of a. But from the aerofoil data, 
obtained in the wind channel measurements of lift and drag coefficients, we have 
another equation giving Ky as a function of a. Hence these two equations 
combined completely determine a, and hence also Ky and tan y, in any case. 

But we do not yet know anything about S,, and until we do know something 
about it we cannot realise the above solution. 


We now come therefore to the crux of the whole matter. We have evidently 
got to make another assumption. Let us then now assume that :— 
where A is an experimental ‘‘ constant.’’ 
Then, since:—V + S, = 2znz tan (¢ — a). 
S, = [tan (¢— a) — V/2znz] 
Sy, = 2anzx [tan — a)—tan A], where tan A = V/2anz 
S, = [tan — a) — tan A} 
Hence, substituting for S,, we get :— 
.. Ky = A2zrax sin (6 — a) [tan (6 — a) — tan A]/Nb [1 — tan y tan (@ — a) | 
This equation gives us all that we require, when A is known. If A is known, 
experimentally say, then we have here an equation giving Ky as a function of a 
only and certain constants 2, ¢, 4, N and b; tan y is a function of a also. We 
have then only to employ this equation for Ky in conjunction with the wind 
channel curve of Ky against a to solve completely for the values of Ay, a and tan y. 
Knowing in this way the value of a we also know immediately the value of Sy, 
and hence also of S,. Both the lift and thrust, etc., on the blade element are 
thus found, and we can proceed to completely analyse any type of airscrew under 
any conditions of working. Conversely we can design airscrews to fulfil any 
given requirements upon the same theory. 


This is a brief outline of the ‘‘ inflow ’’ theory, correctly understood. There 
is no inconsistency of treatment to be found anywhere in the foregoing exposition. 
It is all perfectly straightforward and logical. 


‘ ” 


Where then did the original ‘* inflow ’’ inconsistency originate? 
It originated, probably, in the conception of the physical meaning to be 


attached to the equation :— 


Fic. 2. 


Consider Fig. 2, particularly in the case when A = 2. For then the slip 
velocity S, becomes equal to twice the inflow velocity, and if we further suppose 


| 
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that, in all cases, part of the slip S, is present in front of the blade element and 
that it has reached a value on the disc surface of one-half its full value, then it 
is seen that if A = 2 the amount of the slip S, which is present just in front of 
any element of blade is 3S, = JAS, = S,. Thus, under such conditions—and 
they are quite possible conditions—we arrive at the result that the slip velocity S, 
is twice the inflow velocity S,, and that one-half of its full value is attained at 
the disc surface, such value being then equal to Sy. 


We then redraw Fig. 2 and get Fig. 3. 


Sur 
ViSy 
| 


—— - 


FIG. 3: 


It should now be evident how the confusion of thought originated in the 
first ‘‘ inflow ’’ treatments. 

From Fig. 3 it is evident that the S,, between the R.W. and F.W. lines, 
is a locally produced velocity produced by the blade element itself. On the other 
hand, however, the S,, between the F.W. and the base lines, is not a locally 
produced velocity at all but a velocity produced by the action of the propeller 
as a whole and caused directly by blade interference. This difference being clearly 
understood, there can be no possible inconsistency present in the treatment. 


Suppose, however, that we redraw Fig. 3, and omit the first S,, thus :— 


KW: 
FIG. 4. 


Then, with only this figure in mind, if we try to evolve an ‘‘ inflow ’’ theory 
we shall—more likely than not—fall into the same inconsistency of régime as that 
of the original theory, more especially if we have no very clear or definite ideas 
about the part played by blade interference in producing the inflow velocity. 


We shall be very apt to fall into the inconsistency of confusing two distinct 
velocities—namely, interference inflow and thrust slip—and our Fig. 4 will hardly 
help us to distinguish between these two velocities in our own minds, since only 
one impressed velocity is shown! 

We might then perhaps be forgiven for making the following illogical state- 
ment of affairs :— 


There is some kind of an inflow velocity present we know from experience. 
Call this inflow velocity S,, Fig. 4. The total slip velocity should satisfy thrust, 
and part of this slip velocity is probably present in advance of the propeller, and 
at the disc surface reaches a high value. Assume that this value is 50 per cent. 


| 
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of the full slip velocity. Then, of course, obviously, this 50 per cent. value of 
the slip must be the inflow S,! The climax of inconsistency is thus easily reached. 

It was easy—especially when the whole conception of ‘‘ inflow’? was new— 
to confuse the precise meaning attached to an equation of the kind :— 

48, = Sy 
and to substitute physical identity for numerical equality, as shown by the above 
equation. 

This cardinal error was the prime cause of the first ‘‘ inflow ’’ theories of 
the airscrew being inconsistent in their formal presentation of the theory. Asa 
method of calculation they gave the same results as the correct and consistent 
theory of ** inflow,’’ because the mathematics of the subject were only concerned 
with certain equations such as the one given above, and, in both statements, the 
same equations might hold good. 

It should now be clear how the confusion of thought commenced with regard 
to the original ‘‘ inflow’ theory of an airscrew. It lacked clearness in formal 
presentation, although the mathematics of the subject were sufficiently logical. 
This is proved at once by a reference to the formula deduced here for Ay, and a 
comparison with the original formula deduced by the author more than three 
vears ago.* 

Making identical assumptions in the two cases with regard to the value of A, 
i1.¢., taking A = 2, the two formule become identical. 

Yet the original paper of the author referred to above (‘‘ The Screw Propeller 
in Air *’) was illogical and inconsistent in its formal presentation, whilst the present 
paper does not suffer from this defect. 


The author understands that certain authorities support the original ‘‘ inflow ”’ 


tneory, whilst, on the other hand, others consider it to be inconsistent. 

In the opinion of the author these respective standpoints are simply different 
points of view of the same thing, and the foregoing argument is intended to clear 
up any confusion of thought and to demonstrate that these two points of view are 
in reality precisely the same. 

NotrE.—Since the above was written, Dr. de Bothezat’s paper in the 
AERONAUTICAL JOURNAL has been published in which he deals with the same subject. 
From a first rapid reading of Dr. de Bothezat’s paper, it appears to the author 
that Dr. de Bothezat misunderstands the meaning attached by the English writers 
on the subject to certain words, such as “‘ inflow velocity,’’ and that a confusion 
of thought has arisen in consequence. The letters on this subject, in the December 
number of the AERONAUTICAL JOURNAL, by Major A. R. Low and Mr. R. McKinnon 
Wood, suggest the same conclusion. 


* “* The Screw Propeller in Air,’’ by M. A. S. Riach, Proc. Royal Aeronautical Society, 
March, 1917. 
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A CONTRIBUTION TO THE METEOROLOGY OF 
THE ENGLISH CHANNEL. 


BY HUGH DUNCAN GRANT, F.R.A.S., F.R.G.S., F.R.MET.SOC., SUPERINTENDENT, NAVAL 
METEOROLOGICAL SERVICE, 


The weather of the English Channel and South East Coast of England, like 
that of other localities in the British Islands, is well known to be variable and 
subject to rapid changes which take place sometimes with little or no warning. 
These changes are in places complicated by such factors as the general contour 
of the cliffs, an abrupt fall of the land towards the south, and the effects of 
evaporation taking place continuously over the channel, and giving such a well- 
defined local character to changes of wind as to mask temporarily the indications 
of an approaching disturbance. 

Much, however, can be ascertained by the study of the local cloud formation, 
wind structure, type of barometric curve, and temperature variation, and the 
following discussion of certain aspects of Channel meteorology is intended to 
explain the commoner variations of weather which occur in that area. The 
meteorological peculiarities of the Channel may be conveniently studied under the 
six separate headings of atmospheric depressions (primary and secondary), winds, 
mist and fog, thunderstorms, squalls and gales. 


1. ATMOSPHERIC DEPRESSIONS. 


(a) Primary Depressions.— Among primary depressions are included the ordinary 
normal cyclone or atmospheric ‘‘ depression *’ passing from the Atlantic across 
Ireland and pursuing an easterly course from Ireland to the North Sea. These 
present as a rule no difficulty to the local forecaster, and the Meteorological Othce 
reports usually give suflicient warning of the approach of Atlantic depressions 
to allow necessary precautions to be taken. With such normal depressions moving 
from west to east, the following may be regarded as the weather sequence when 
the centre of the depression passes over the observer or north of him :— 

Cirro-Nebula—a sheet of thin cloud giving rise to lunar or solar halo. 

Cirrus Clouds (Mare’s Tail)—usually about 12 hours before rain com- 
mences with motion from a point between N.W. and S.W. 

Cirrus changing to Cirro-stratus—with a watery sun, or misty moon 
and solar or lunar halo. The fall of the barometer is now well defined, the 
temperature rises, and the wind backs. 

Alto-Stratus Clouds—beginning to cover the sky from the west, and 
the weather becoming generally muggy and gloomy ; about this time there 
is a slight periodic gustiness of the wind followed by a calm, or almost 
calm period, after which the steady increase of the wind commences, 
usually from the south-west. 

Nimbus and Fracto-Nimbus Clouds—accompanying the increase of the 
wind, and fairly heavy rain. The fall of the barometer is now rapid, and 
these conditions continue untii the approach of the “* trough,’’ when, pro- 
vided that the depression has net passed too far to the north, there will be 
an increase of rain, generally known as the “‘ clearing shower,’’ and a 
veering of the wind to the west with a rising barometer. 

Squalls-——-accompanied by the heavy showers, characteristic of the 
rear of a depression, the wind at times reaching a velocity of 60 or 7o 
miles per hour. If the depression passes well to the north of the observer, 
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the rear may bring wind only, with intervals of bright sunshine. The 
veering of the wind continues to the west and north-west followed by a 
gradual decrease of wind and a fall of temperature. Should the depres- 
sion pass south of the observer the wind will back to the east and north- 
east, while its force will probably be less than in the above case. 


During the comparative calm of the depression, while the barometer remains 
fairly steady, a dense cliff mist or fog will probably form. 

Between the commencement of the formation of alto-stratus clouds and the 
moderating of the wind after the cyclone has passed, there may, in cases of 
moderate intensity, be an interval of nearly two days. 


(b) Secondary Depressions, or small subsidiary areas of low pressure which 
accompany a primary depression, usually occur on its southern side, and give a 
stronger wind than the primary, with which they are associated. 


The Channel about the Capel and Dover areas is peculiarly adapted to the 
formation of shallow secondary depressions, and sometimes the first intimation of 
these is the formation of rugged fracto-cumulus and cumulus clouds over the 
Channel. 

Should the barometer rise rapidly, or give a jerky trace while the wind 
moderates somewhat suddenly from a speed of about 25 miles per hour, it is 
probable that a ‘‘ secondary ’’’ is forming. From the aviator’s point of view, 
special vigilance should be kept during this calm and bright period, as the 
secondary disturbance will come on with little or no additional warning, and the 
wind will increase again in a few hours probably to 20 or 30 miles per hour before 
the barometer has fallen appreciably. 

Generally speaking, any erratic movement of the barometer, however slight, 
if coupled with a squally trace on the anemometer chart, or even with a sudden 
decrease of wind velocity, should be taken as a warning of an approaching 
secondary disturbance. 

The character of sunrise, and, to a less extent, that of sunset are useful in 
prognostication, especially :n relation to secondary depressions. A red sunrise 
generally presages increased wind velocities. 


(c) Movements of Depressions.—If the tracks of cyclone systems and_ their 
effect on the English Channel be studied in connection with Western Europe as a 
whole, it will be found that most depressions over France, Flanders and_ the 
southern side of the Channel are Atlantic depressions which have originated 
sufficiently far south in the Atlantic to touch the northern part of Spain. 
Pursuing their course from south-west to north-east, these depressions follow the 
English Channel and pass thereafter across Flanders into the North Sea, ultimately 
reaching Scandinavia. They have considerable influence over the weather 
experienced along the entire South Coast of England. It is notable that most of 
our depressions travel in the same directions as the anti-trade winds circulating 
on the Polar sides of the trade winds, namely in a north-easterly or south-easterly 
direction, and that they appear therefore to constitute turbulent irregularities of 
the main winds. The few depressions which have their origin over France or 
Flanders usually move due eastward without seriously affecting our weather. At 
times they cause on our shores northerly breezes sufficiently fresh to prevent the 
flying of airships, but rarely strong enough to exceed the flying capabilities of an 
aeroplane. 


On the northern side of the Channel there is a well-defined cyclonic track, 
A—B (on map) intersecting another track, C—D, which more nearly follows the 
waters of the Channel off the south coast of Ireland. Another track is that 
indicated by the line E 


F, which lies still further south along the coast of 
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France. The track C—D has, during recent years, more depressions lying to 
its account than A—B, which passes more directly along the northern side of the 
English Channel and causes the severest weather experienced on our southern 
shores. 


A D_y 13 


c F4 
B 8 


In 1909 eight depressions followed the track A—B, and thirteen followed the 
track C—D. _ Along E—F, on the French side of the Channel, crossing Flanders, 
passing into the North Sea in a north-easterly direction and skirting the northern 
shores of Denmark, there were four depressions. 


In forecasting south coast weather an interesting problem not infrequently 
occurs when a depression is centred off the south-east of Ireland, about the point 
where A—B and C—D intervsect, and the question arises whether it will pursue the 
southerly or the more northerly path. In other words, whether the wind will 
** back ’’ or ‘‘ veer ’’ in consequence of the path of the depression being to the 
north or south of the observer. 


(d) Cumulus Clouds on the Southern Horizon in relation to Atlantic Depres- 
sions.—The approach of an Atlantic depression may often be detected 24 or more 
hours before its announcement by the Meteorological Office. This may be done 
by observing in advance of such a depression the gradual development of a long 
line of well defined cumulus clouds, which invariably appears on the southern 
horizon over the French coast. In cases where the depression is considerably 
to the north, the clouds are fine in detail and become larger and more rugged as 
the depression passes further south, but, unfortunately, they are visible only 
in clear weather. 


Should the depression be located to the south of Ireland, the cloud formation 
will be nearer but will still partake of the cumulus type just described. In cases 
when the depression ultimately passes to the north of Ireland, and across the 
north of Scotland, these cumulus clouds, as seen from the south Kentish coast, 
have an altitude of about 14 degrees, and this altitude increases to about 4 degrees 
when any depression crosses Central Ireland and Northern or Central England. 
As the depression approaches, they increase in size, but become obscured owing 
to poor visibility. 

In a few cases where the cumulus formation has been observed, the depres- 


sion has failed to cross the British Isles, but this may be explained by the 
dispersal of the Atlantic disturbance or its passing away north. 
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With a west wind the height of Channel cumulus clouds may fall to the level 
of the cliff, which at Beachy Head is 505 feet above sea level. As a rule, however, 
they pass at a height of 100 to 150 feet above the cliff or 600 to 650 feet above 
mean sea level. 

Another frequent precursor of a depression is a mass of low cloud, popularly 
termed ‘* scud,’’ which may be seen approaching Beachy Head from the west. 
On arriving at the Head the clouds appear as a mist enveloping the entire 
surroundings. In due course they form into cumulus or strato-cumulus suggesting 
that in this instance cumulus clouds may be caused by moist air being driven 
upwards towards the cliff edge. 


2. WINDS. 


An exhaustive investigation of this subject would call for observation extending 
over many years, but the following peculiarities in the behaviour of local winds 
were ascertained from a careful study during a period of scarcely more than one 
vear. 

When the pressure gradient is favourable for light winds from between north- 
east and east, local temperature should be carefully watched, observing that a 
sharp fall of temperature throughout the night, followed by a clear morning and 
rapid increase of temperature, usually indicates a freshening of the wind to 20 or 
30 miles per hour during the morning, moderating aiter 3 p.m. This morning 
wind is generally very gusty and may cause in their present stage of development 
considerable difficulty to airships in landing. 

When pressure is relatively low over France, northerly winds may, at times, 
exceed the forecasted strength, but on the other hand, if the weather is bright, 
there may be, owing to local ** sea breeze ’’ tendencies, a temporary moderation of 
the wind about mid-day with a return to normal velocity later in the afternoon. 

(a) Wind in Mid-Channel.—The wind circulation observed in Mid-Channel 
usually differs from that prevailing on land. When light and variable on land, 
the wind is also light and variable in the Channel, but when moderate or 
fairly strong (Beaufort Force 4-5) on land, it invariably veers in Mid-Channel, 
increasing appreciably in speed. Pilots engaged in patrolling the Channel from 
Capel Airship Station were agreed that the extent of the veer in Mid-Channel 
might be regarded as approximately two points of the compass or 22 degrees. It 
was found on several occasions that with a westerly wind from 15 to 25 miles 
per hour on land, a wind from W.N.W. (of similar velocity) prevailed in the 
Channel. 

Since making the first observations at Capel Royal Naval Airship Station, the 
writer has had an opportunity of making similar observations while travelling by 
airship along that portion of the Channel lying between Eastbourne and_ the 
Isle of Wight, covering a distance of 110 miles over sea and 21 miles over land. 

These observations confirm the previous indications regarding the local winds 
peculiar to the Channel, viz. :— 

1. That in Mid-Channel there prevails a slightly different wind circulation 
to that observed over the land. 

2. That, when light and variable on land, the wind is also light and 
variable in Channel, but, when moderate or fairly strong (Beaufort 
Force 4-5) on land, it invariably veers 22 degrees in Mid-Channel. 


Such peculiarities may be due partly to convection and eddy friction and partly 
to cliff eddy effects, but so far as the latter are concerned, the explanation is 
questionable as the eddies caused by a wind of less than 20 miles per hour scarcely 
extend to more than one mile seaward from the cliff edge. With very light winds 
no appreciable eddies are formed, but on the other hand, the Mid-Channel winds 
become more variable in direction with decreased wind velocities. As one flies 
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down-Channel towards the open sea, say to a point 35 miles south of the 
Isle of Wight, these features are not so pronounced, but nearer to Folkestone and 
Dover they are more noticeable. This seems to indicate the importance of the 
land configuration and contour of the cliffs generally on both sides of the Channel, 
as also the steep slope of the land towards the sea along our south-east coast line, 
in relation to the entire wind circulation and weather in Mid-Channel. | Another 
important factor may be the evaporation during periods of calm under a clear, or 
comparatively clear sky with bright sunshine. 

The land configuration on both sides would appear to encourage variations 
from the normal, and especially favour the formation of shallow depressions. As 
a matter of common experience ‘* secondaries ** frequently occur in the Channel, 
bringing heavier rain and more unsettled weather than are caused by their parent 
** primaries.’ 

They also, as a rule, travel rapidly, the passage of the trough being marked 
by a line squall.* The rain associated with them: falls generally in brisk sharp 
showers, followed by drizzle. Should the secondary be of considerable energy, its 
approach is frequently heralded by a red sunrise or by a line of cumulus cloud over 
the French Coast coupled with a period of extreme visibility as described in con- 
nection with the main depression. During this period, the Isle of Wight, some 
62 miles distant, may be seen from Beachy Head, and the French coast from 
Capel Aerodrome. 

(b) Coastal and Inland Winds from Airship Observation.—In consequence 
of frictional effects, land winds are not, for the same barometric 
gradient, so strong as sea winds. It is therefore not surprising to find that 
the average wind velocities at Capel and along the adjacent coast line should 
exceed those prevailing a few miles inland. A. striking example of this was 
observed by the writer during a cross-country flight from Capel .\erodrome on 
March 16, 1917. At the aerodrome a wind of 17 to 18 miles per hour from S.S.W. 
was recorded, whereas, at a short distance inland, it was under 1o miles per hour 
throughout the entire journey from Dover to Tunbridge Wells via Folkestone and 
back again to Capel Aerodrome—altogether 140 miles. The flight commenced at 
g.50 a.m. (G.M.T.) and lasted four hours, namely from 9.50 a.m. to 1.50 p.m. 
(G.M.T.). The height of the airship when crossing the edge of Dover cliffs was 
approximately 1,400!t., or 1,900ft. above mean sea level. It was found necessary 
with a wind of 15 to 20 miles per hour to fly at considerably over a thousand feet 
in order to minimise the effect of the ** downward dunt ** experienced on crossing 
the cliff edge from land to sea. This is true with any wind blowing either ‘* on’ 
or ‘‘ off’ the cliffs. With a surface wind of ro to 15 miles per hour, the airship 
pilots when over the Channel venerally flew at heights from 300 to 900 feet. 

The general distribution of pressure at the time of the flight was anti-cevelonic 
over the Channel, with a low pressure area off the north-west coast of Scotland, 
producing strong winds in the west and north-west of the British Isles, and as far 
south as Anglesey, with unsettled weather everywhere except in the extreme south. 

At the time of the ascent the surface wind at the Capel Aerodrome was S.S.W. 
17-18 miles per hour. Inland, as stated, the wind was appreciably less. At 
Tunbridge Wells and within a radius of 4-5 miles of the coast line, it was not more 
than 10 miles per hour. : 

(c) Channel and Cliff Eddies.—On some days when the wind was fairly steady 
on land, as shown by pilot balloon flights, airship pilots flying in Mid-Channel have 
* A squall of wind, accompanied by rain or hail, associated with a sudden drop of temperature 
and the passage of a long line or arch of dark cloud. The cloud appears to be due to convec- 
tion between the cold westerly currents and a warmer southerly current; the squall is there- 
fore probably katabatic in its origin, and its violence on the the actual passing of the cloud 
accounted for in that way; it represents the dash forward of a breaking wave, or, more 

strictly speaking, of the water of a broken wave. (See Section 5 of this article.) 
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observed extreme ‘* bumpiness "’ (i.e., sudden upward or downward motions caused 
by patches or pockets of air of different densities). Bumps are mostly due to 
rising currents of air over surfaces that are at different temperatures, and to eddy 
motions caused by irregularities of the surface. They also occur at the cloud layer 
when there is a sheet of cloud, and they occur almost invariably with cumulus 
clouds. Over the cliff edge with a northerly wind, there are usually severe down- 
ward currents. This is true more particularly along the cliff edge between Dover 
and Folkestone, the ‘‘ bumpiness *’ being felt when an airship is in the act of 
crossing the cliff edge either on its way to or from a Channel patrol. 


It may be mentioned that a pilot balloon flight is a convenient means of 
estimating the speed and direction of the upper wind, a pilot balloon being a 
small rubber balloon inflated with hydrogen to such an extent as to give it an 
approximately uniform rate of ascent. The balloon is liberated and followed 
during its flight by an observer using a theodolite. From the azimuth and altitude 
angles of the balloon observed during the time it remains in sight, the direction 
and speed of the wind at various heights can be computed by assuming that its 
rate of ascent is constant. When these ascents are made along the Channel coast 
line during winds from points between north-west and north-east the balloon is 
generally caught in the downward current over the cliff edge, and allowance must 
be made for this by balancing the worked out velocities. In complicated or uncer- 
tain cases, the plotting of the ascent graphically may help to eliminate the error as 
in the following example, in which the prevailing wind is from a_ northerly 
direction. 
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During east winds, especially when the sky is overcast with large masses of 
cumulus clouds, the wind velocities, as given by the single observation pilot balloon 
method, will generally be too low. This is owing to the strong up-currents usually 
existing. Test balloons with a slight negative buoyancy have been known to rise 
at least 5,000ft. per minute during above conditions. 


Equilibrium balloons (i.e., small rubber balloons used for pilot balloon ascents, 
inflated with hydrogen only to the extent of enabling them to remain in equilibrium 
in still air without any tendency to rise or fall) liberated from the cliff edge during 
northerly winds were immediately caught in the eddies and carried in the circular 
path denoted by arrows in the following diagram. 

The line indicates the path of the airship and the downward curve in the 
trace explains the ‘‘ bumpiness ’’ experienced on crossing the eddy and cliff edge. 

Each time the balloon returned to the cliff edge it was driven outwards again 
until in the end it had described a series of closed curves. It continued to describe 
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Equilibrium Pilot Ballon (at 
\ 


these circles until, carried by the eddy along the coast, it ultimately burst. The 
airship crossing the eddy at 1,500ft. above the cliff edge merely experienced the 
downward current. The higher the airship ascended the less severe was the down- 
ward ‘‘ dunt ’’ or sudden decrease in altitude of the vessel. 

The upward current from the water some 500 feet below meeting a contrary 
land breeze and the consequent return suction of the air may probably be the 
explanation of these eddies. 

With regard to the probable distance on either side covered by the stream 
of eddies in the case of a wind blowing ‘‘ on’ or ‘‘ off’? the cliff, it is noticeable 
with a south-west and west wind of 20 miles per hour that a pilot balloon with 
the rate of ascent of 500 feet per minute is affected for three or four minutes 
from the moment it gets in touch with the cliff eddies, appreciable increase in 
the mileage occurring during the first and second minute. The balloon becomes 
more steady the farther it proceeds from the cliff edge. This would point to 
the following phenomena :— 


oe 


(1) With a wind of 20 m.p.h. blowing ‘‘ on ”’ or “‘ off ’’ the cliff, the string 
of eddies extends for about one mile from the cliff edge. 

(2) The greater the surface wind velocity, the longer or more numerous 
the string of eddies, and vice-versa, in proportion probably to this 
rule of one mile for a surface wind of 20 m.p.h. 

(3) With very light winds no appreciable eddy is formed. 

(4) The farther from the cliff edge, the less the turbulent motion becomes, 
and consequently the smaller the eddy. 

(5) The most vigorous eddy is invariably at the cliff edge, the size and 
force depending upon :— 

1. The velocity of the surface wind. 
2. Height of cliff above mean sea level. 


(6) The above applies to a wind blowing either hard ‘‘on’’ or ‘‘ off ”’ 
the cliff. 

In the case of a wind blowing ‘‘ on”? the cliff, it is difficult sometimes to say 
whether the ‘‘ bumpiness ’’ experienced by an airship near the cliff edge is really 
due to the existence of an inland cliff eddy there—especially if within a radius of 
one mile from the sea—or to vertical currents caused by the configuration of the 
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land generally. In this connection it might be interesting to note the appreciable 
difference between the wind velocity recorded at Beachy Head and that experienced 
at Polegate Airship Station on August 22nd, 1917. The anemometer at Beachy 
Head Meteorological Station on that day recorded a wind from S.S.E. of nine 
miles per hour; at the same time, only five miles distant and in the vicinity of 
Polegate .\erodrome, a surface wind of from 24 to 26 miles per hour was observed. 
The anomaly may be due to the S.S.E. wind on striking Beachy Head rising 
vertically, causing a rarefaction of the atmosphere on the Head itself, and an 
increased, if not doubled, velocity at Polegate. 

The circular path of the eddies, as denoted by an equilibrium pilot balloon 
liberated from the cliff edge, may be further illustrated by the accompanying 
photographs taken at Beachy Head on July 26th, 1917. 


Fig. 1.—Shows the formation of the cliff and the equilibrium pilot balloon 
in the act of being liberated. 

Fig. 2.—Shows the balloon caught in the cliff eddy and about to descend 
in a circular path towards the sea 500 feet below. 

Fig. 3.—Shows the balloon carried back by the force of the eddy towards 
the cliff, after describing an almost complete circle, to within seven 
or eight feet of the sea. It will be observed about six feet from the 
middle of the cliff. 
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The surface wind at the time of liberating the balloon was W.S.W. 13-19 
miles per hour, and the wind at 1,500 feet, as ascertained from a quick free-lift 
pilot balloon, was W.S.W. 17 miles per hour. 

Matters requiring further investigation are :— 

(1) Surface speed and direction of cliff eddies. 

(2) Height at which aircraft just misses the downward ‘ dunt ’’ referred to, 

(3) Height to which cliff mist extends, 

(4) Distance to which it extends inland from cliff edge and to east and 
west. 


MIST AND FOG. 


During anti-cyclonic conditions the weather in the South-East of England is 
frequently misty. Inland mist, and at times drizzling rain, occur during the 
periods of slight north-westerly or north-easterly wind gradients, and local cliff 
mist may form with the diurnal change of the wind to south-west. Variations of 
cliff mist (increase or decrease) usually occur about 10 a.m. noon or 4 p.m. 


Channel fog (sea fog or mist) occurs especially during light easterly winds, 
the mixing of the warm moist air with the colder layers causing a dense fog, 
which ‘usually forms a bank, sometimes as much as 200 or 300 feet in depth. 
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The occurrence of cliff mist is necessarily difficult to forecast with a degree 
of certainty peculiar to that of other meteorological elements, but, as a general 
rule, it may be noted as occurring :— 

1. With a steady or slightly rising barometer (seldom with barometer 
falling slightly). 


2. With a south-west wind of velocity 10-25 m.p.h. 


2 


3. With relative atmospheric humidity of 90 per cent. or above. 


At any time when the foregoing conditions exist simultaneously, cliff mist 
may form whether the pressure distribution be cyclonic or anti-cyclonic. The 
local cliff mist on the South Kentish coast is mainly caused by the upward deflection 
of the moisture-laden south-west wind over the face of the cliff. This air in rising 
is cooled adiabatically in consequence of being relieved of a portion of its pressure, 
and as a result local condensation follows. At times this moist air current may 
rise to about 600 feet above sea level (that is, to about 100 feet or more above 
the cliff) before condensation occurs, in w hic h case, as the following diagram may 
help to show, it develops into a cloud of the fracto-stratus type. 


Cliff mist is thus probably caused by an upward current of air from the water 
surface cooling and condensing its moisture at the cliff edge. There can be little 
interaction with a land current because of the surface wind being from S. to S.W., 
and therefore in effect a sea to land current. Observation has shown that if the 
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surface wind be below to miles per hour it is not sufficiently strong to cause 
the upward current to ascend to the cliff top, and therefore there can be no con- 
densation or cliff mist. On the other hand, if the wind be above 25 miles per hour, 
the upward current is generally carried to cloud height (say 1,000 to 1,500 feet) 
before condensation appears to take place. It is then evident in the form of 
stratus (fog) cloud. 

During certain types of anti-cvclonic weather when cliff mist or fog occurs 
with frequency and persists for days at a time, cross-Channel flying is much 


hindered. This was particularly true during the period of these observations. 
During winter, fog or mist not infrequeatly mars the anti-cyclonic interval between 


two depressions. Wuth prolonged periods of calm weather there is sometimes a 
haze over the Channel, making it impossible to observe objects on the water 
surface from a height of 4,000 to 5,000 feet. 

In order to complete this brief investigation and to provide data for a more 
elaborate discussion, it is proposed that the following observations should be 
carried out at the Meteorological Station, Beachy Head, during a typical occur- 
rence of cliff mist, and they will form, it is hoped, the subject of a later paper, viz. : 

(a) Humidity of air at sea level. 

(b) Temperature of air at sea level and below the mist. 

(c) Temperature of the water in relation to that of the air :— 
1. Away from the cliff at Beachy Head. 
2. Below the cliff. 


(¢) Temperature of the air below the cliff. 


IV. THUNDERSTORMS. 


During the usual thunderstorm periods of the vear, t.e., during the summer, 
the Channel region appears to suffer more from electrical disturbance than the 
other British coasts. .\s elsewhere, there is a pronounced tendency tor electrical 
storms to occur during the afternoon and evening hours. 

When the southern half of England, and especially the south-east counties, 
are situated in that somewhat peculiar but not uncommon distribution of pressure 
known as a ‘‘ Col”? between two anti-cyclones, or in a ‘* Saddle Back,’* thunder- 
storms occur in the Channel. A typical instance of such a distribution is a low 
area in the Mediterranean between Italy and Spain, a belt of high pressure 
spreading along the coast of Spain from the Azores to the Atlantic with a large 
shallow or a moderate depression slightly to the westward of the British Isles. 
Associated with this barometric distribution a severe thunderstorm with heavy 
rainfall in places occurred in the London district, Northern France, and along the 
Channel (from Portland Bill to the Isle of Grain) on the evening of September 5th, 
r9t7. Thunder squalls in the Channel are also’ frequently associated with 
secondaries which may have formed in the mouth of the Channel in the rear of an 
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Atlantic depression, or with a primary situated off our western seaboard. — In 
winter thunderstorms in the Channel ere almost entirely of the line-squall type. 
The tendency to thunder is usually predicted with a considerable degree of accuracy 
in the reports of the Meteorological Office, but earlier and unmistakable indications 
are generally to be found locally from such occurrences as a contrary movement of 
different lavers of cloud, the formation of heavy cumulo-nimbus cloud, and an 
unusually calm or oppressive atmosphere. Cumulo-nimbus, the true shower cloud, 
from which rain, hail, or snow is talling, may be distinguished from simple 
cumulus by the fact that the top of the former cloud, instead of being rounded 
and hard-edged, is brushed out into a soft-looking mass of fibrous cloud called 
false-cirrus. Cumulus-nimbus are often thus to be seen in isolated masses, some 
miles in circumference perhaps, and are the seat of very rapidly ascending currents 
of air making their presence a source of danger to the aviator. They usually begin 
to form in the morning as the day gets warm, and reach their greatest develop- 
ment about two or three in the afternoon, after which they generally begin to 
disappear and by sunset or soon after the sky may be quite clear even after a day 
of great development of thfs form of cloud. But they may be met with at other 
times, and they form after sunset in the summer when, as. stated, shallow 
depressions bringing thunderstorms are approaching. 

\ wireless receiving set is a valuable adjunct to the means of obtaining 
information of an impending thunderstorm. The lightning recorder also gives 
useful assistance, but owing to the present imperfect state of development of this 
instrument too much reliance should not be placed upon the records obtained. 
It may be observed, from the potat of view of the aviator, that the greatest danger 
from thunderstorms tu airship work arises from wind squalls, and in the heavy 
rain and hail that accompany them. There is also the danger of an airship 
becoming highly charged during thundery conditions causing the hydrogen to 
ignite, and it would appear advisable, for this reason, to wind in the wireless 
aerial, and keep as far from all clouds as possible; in fact, fly low and fairly 
close to the sea level. If close to a highly-charged cloud it is probable that the 
exhaust gases from the motor may allow the electricity of the same sign as 
the cloud to dissipate itself, and consequently result in the increase of the potentia} 
difference existing betwéen the cloud and the ship. 

These conditions whether over sea or land are obviously favourable for the 
sudden discharge ot electricity by spark, either between the cloud and the ship, 
or perhaps between the ship and the ground when landing. There are several 
cases on record in which meteorological kites have been struck by lightning, and 
as some of these occurred when there was no thunderstorm in progress, it must 
be remembered that clouds may be highly charged with electricity at times whea 
no actual storm is going on. 


V. SQUALLS. 


Reference has already been made to thunder-squalls in the Channel. A squall 
is a temporary rise in the wind above the mean velocity that precedes and follows 
it, the rise in velocity being continued over some minutes at least, and is thus 
distinguished from a gust which lasts only a small part of a minute. Squalls 
are of innumerable degrees of severity. In the Channel on a day of blustery 
north-west winds when there are large cumulus clouds about, one mav have a 
succession of squalls, whose approach can be seen at sea some time before their 
onset. Such squalls are probably not of any particular danger to aeroplanes as 
at sea they are not of much danger to shipping, except in the case of small open 
sailing boats, but at seaside resorts they take their toll of holiday-makers who 
are sailing with the main-sheet made fast. 


More intense squalls are associated with thunderstorms and they are all the 
more dangerous since they are often preceded by very light winds or even by a 
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complete calm, and within a few minutes from their onset the wind may increase 
to a speed of even 60 to 8o miles per kour.  .\ typical example of such a squall 
which was also experienced in the English Channel was reported by Captain C. 
J. P. Cave, R.E., in a paper read before the Roval Society of Arts on May 2nd, 
igt7. The following is an extract :—‘* .\s seen in the east of Hampshire, this 
storm came up from the direction of the Isle of Wight in the shape of a huge 
cumulus cloud with a great extension of false-cirrus at the top, giving it the 
appearance of a giant mushroom; the day had been very bot and the air was very 


still. .\s the storm approached it was seen that heavy rain was falling, but there 
was no sign of wind to the untrained eve. .\ few minutes before the rain reached 


the observer a continuous roar was heard, and as the first drop fell, a furious 
blast of wind arose; the wind only lasted a few moments, and in three-quarters 
of an hour the storm had passed and the weather was fine again. The storm 
passed over the South Downs, and the same storm or another moving parallel 
to it reached Guildford, where the damage done by the wind was very great.”’ 
The squall in front of an ordinary thunderstorm is probably a modification of 
another variety known as the line-squall. The sequence of events in a line-squall 
is somewhat as follows :—.\ bank of clouds is seen extending along the horizon, 
the upper part being white and in shape like ordinary cumulus, though the whole 
cloud usually appears of a more uniform height, and not broken up into such 
distinct peaks as in ordinary cumulus. .\s the cloud approaches it is seen to be 
extremely dark below, and it usually extends in a long line stretching from horizon 
to horizon, but owing to the effect of perspective it appears like an arch in the 
sky, the summit of the arch coming nearer and nearer overhead. As the cloud 
reaches the observer a violent squall springs up, the wind veers rapidly or even 
suddenly, rain falls in torrents and is oftem accompanied by hail, and there may 
be thunder and lightning ; at the same time the temperature falls considerably, a 
fall of five or ten degrees being common, and it is sometimes as much as twenty 
degrees. When the cloud is approaching and is nearly overhead a curious sinuous 
line is seen at its base extending right along the front of the cloud, and it is this 
line which gives the name of line-squall to this disturbance. After the first blast 
the wind blows strongly for a time and the rain lasts for half an hour, more or 
less; this is followed by a less intense fall of rain and by decreasing wind, and 
after an hour or so the weather often clears up and becomes fine. 


A line-squall is only a few miles across, but it may be several hundred miles 
long and it advances across the country broadside-on at the rate of twenty to 
forty miles per hour; one such squall has been traced from Cape Wrath to the 
centre of Germany. The list of disasters caused by the line-squalls is a long one ; 
the best known case is that of H.M.S. ** Eurydice,”’ a training ship homeward 
bound that was struck by such a squall when off the Isle of Wight on March 24th, 
1878, and foundered with heavy loss of life. 


In addition to the blast of wind in front of the squall, there are great 
up-currents in front and down-currents near the middle of the squall, with much 
eddy motion between them. From the aviator’s point of view, such conditions 
can hardly fail to be dangerous, and though an aeroplane may possibly come 
safely through them, it is hardly likely that an airship would. 


VI. GALES. 


In the Channel, gales frequently spring up with great suddenness at all times 
of the year; in fact, a sudden gale, and especially an easterly summer gale, often 
gives less warning of its approach than a winter one. .\nyone who has done any 
sailing round our coasts must remember cases when they have been caught in 


gales a couple of hours or so after having been Iving becalmed. 
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CONCLUSION. 


In the opinion of the writer, no portion of the seas adjacent to the British 
Isles presents a more interesting and promising field for the pursuit of 
meteorological research than the English Channel. Associated as it is with the 
weather distribution over the Continent and the North Atlantic, it presents an 
excellent blend of continental and oceanic weather conditions. 

The majority of migratory areas of low and high barometer experienced in 
Southern England and along the Northern Continental seaboard either cross the 
Channel directly or skirt it indirectly at some point or other. Again, not a few 
depressions originating in the Eastern Atlantic during the months of stormy trades 
may be felt, eight to ten months later, in or in the neighbourhood of the English 
Channel. The seasonal frequency of thunderstorms is greater in the Channel than 
in any part of the United Kingdom or elsewhere in the waters surrounding the 
British Isles. 

The Channel presents unrivalled opportunities for the study of effect of 
contours, and of the distribution of land and water, on local weather. The relatively 
large number of well-equipped observatories on both sides of it, combined with 
the density of population on the coasts and the great amount of Channel traftic, 
resulting in a host of voluntary observers, render available a considerable mass of 
material for the intensive study of any one phenomenon, facilities of which Mr. J. 
G. Fairgrieve has made full use in his studies of rainfields and thunderstorms. 
The variety of weather in this region and the rapidity of its changes must always 
excite the interest of meteorological students, while at the same time it affords 
the strictest test of prognostics. 


The frequent origin of thunderstorms in the Channel is a matter deserving 
of special attention and one to which the captains of ships travelling these waters 
might contribute useful observations. .\ large number of the accidents to small 
sailing boats, especially pleasure boats, is due to thunderstorm squalls, and the 
mode of origin of the small secondaries causing these storms requires careful 
study. Such study must depend on observations made from ships in the Channel, 
especially at the western end, where the disturbances appear often to form. 
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REVIEWS. 


Design of Aeroplane Engines. By John Wallace. London: Benn Brothers, Ltd. 
15s. net. 


This book is based upon a series of articles contributed by the author to 
Aeronautics in 1918-19. In his introduction, Mr. Wallace states that he has 
‘* endeavoured to explain as clearly as possible the fundamental principles under- 
lying the general and detail design of the modern high-performance aeroplane 
engine,’’ and he has succeeded to the extent of producing a practical primer 
which is well written and well arranged, but is by no means comprehensive, 

The book should prove useful to students, draughtsmen, and mechanics, but 
of little value to geod aeroplane-engine designers as the treatment is too super- 
ficial and elementary to meet the needs of those who are already acquainted with 
aeroplane engine development. In a book of this kind one often finds things 
which are very wide of the mark, and the reader should satisfy himself as to the 
correctness of the statements made and the soundness of the opinions expressed. 
Thus on page 15 the weights of corresponding rotary and radial engines are 
compared in a manner which leaves entirely out of account two important factors, 
namely, that radial engines require balance weights, whereas rotary engines do 
not, and that the stresses and bearing loadings are entirely different for the two 
types. Again, in a statement respecting cooling systems, which is given at the 
bottom of page 19, the author slurs over the important fact that one has to 
maintain a sufficient rate of water circulation through the engine and radiator in 
order that the temperature change between inlet and outlet shall not be excessive 
and thereby necessitate an unduly large radiator to obviate boiling troubles. 

On page 25 it is stated that the mean effective pressure is the equivalent 
mean pressure acting on the piston throughout the cycle. This statement will 
confuse readers who are not already aware that mean effective pressure is 
reckoned on the working stroke alone, the other strokes being reckoned as idle 
strokes. The author declares that formula 2, given on page 26, is not exactly true 
for high-speed petrol engines—and vet the formula in question corresponds exactly 
with the correct definition of brake mean effective pressure! The treatment of 
brake mean effective pressure is further confused by calculations of mean effective 
crank effort which give results inconsistent with the brake mean effective 
pressure valve. Another example showing the need for the reader to do some 
reasoning on his own account may be taken from page 69, where an engine 
arrangement is shown which purports to balance out torque reaction—but of 
course, if the power is absorbed by a single propeller, the torque reaction on the 
engine as a whole must be equal and opposite to the torque transmitted through 
the propeller shaft to the propeller and to the air upon which it acts. 

In spite of such blemishes there is much in the book that is readable and 
should help the student to bear in mind the various practical aspects of the 
subject when he proceeds to study more advanced technical works. 


Practical Aeroplane Construction. F. J. Hill. Spon. 12s. 6d. 
In his introduction Mr. Hill offers what might be read as a half apology for 
this volume. We can assure him that nothing of the sort is needed. 


He has set out to produce a handbook of aeroplane construction from the shop 
side, and the result is a work which we feel sure will be appreciated by the designer 
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and student alike. Design cannot consist solely of drawings produced in an office 
as the result of mathematical calculation—it is essential that the details shown on 
the drawings can be made, and made economically, in the shops. 

Up to the present most of the books on aeroplane design have dealt with the 
theoretical side of the question, and when they have touched on practical construc- 
tion, very little mention has been made of shop practice. 

Mr. Hill avoids theoretical design problems and deals solely with practical 
methods of obtaining the goods. Starting with steelwork he describes the simpler 
methods of tube manipulation, welding and brazing processes, and then discusses 
press tools for the manufacture of plate fittings, etc. A chapter on the construc- 
tion of tanks completes the metal work side of his book, and he then proceeds 
to describe briefly the work connected with the sawmill. 

His chapter on detail construction in timber is good. Later chapters deal with 
assembling, airscrew construction and covering and doping. 

The methods of inspection for acroplane parts are discussed in detail, and this 
we think will prove of special interest. The concluding chapter is devoted to 
erecting and rigging. 

A feature of the volume calling for special commendation is the illustrating. 
This is extraordinarily good, and considerable skill has been shown in the prepara- 
tion of the drawings. 

Altogether this is a very practical, useful and readable book. 


Commercial Airships. By H. B. Pratt, M.I.N.A. Nelson. 15s. 


It appears that this book is not, as might be hoped, intended to form a 
contribution to the technical side of the airship question. It is written by Mr. 
Pratt, the chief engineer of the airship department of Messrs. Vickers, Limited, 
and it is difficult to reconcile a very great number of the views and statements 
in the book with authorship by one in such a distinguished technical position. 

One tundamental mistake which prejudices the whole book is that the 
author makes no distinction in his wording between achieved fact and what he 
imagines will take pli ice in future, c:2., p. 77 : 

The airship is then moved out of the asl by running two propellers astern 
(rigid airships are preferably moved out stern first). W hen sutlic iently clear of 
the shed, all engines are started, ballast is dropped, the guys are cast off and the 
ship ascends.”’ 

There are several historical mistakes and omissions. From the story of the 
various classes of ship built in England, R.31 and R.32, the two rigid ships built 
by Messrs. Short Bros., of which the latter was so successful as regards speed, 
are altogether omitted. Reference is made to the longest patrols of the Service- 
built N.S. airships as of so hours. Their record flight was just over 100 hours, 
and has recently been accepted by the F.A.1]. as the world’s airship record. He 
refers to the mooring-out shelters for small airships, the very wide use of which 
by our airship officers constituted such a very fine achievement, as ** Such as were 
used for kite balloons and small airships in France.’ 

Many of his figures for achieved results are very optimistic. The disposable 
lift of R.34 is given as 50 per cent. of her gross lift. The correct figure is 40 per 
cent. 

Estimated figures are also very optimistic, e.g., the cost of hydrogen from 
the water gas plant is taken as 10s. per 1,000 cubic feet. He refers, of course, to 
remarkable gas as on p. 129, it is described as ‘* practically odourless and, though 
not itself inflammable, it combines readily with oxygen.’’ His helium is also 
remarkable. ** It can only be manufactured from uranite (pitchblende) or other 
rare earths and minerals.”’ 

He estimates the performance and describes the characteristics of several 
ships of various sizes, from the 4,000,000 cubic feet ship to the small non-rigid for 
private pleasure. His 60-ton ship with a speed of 85 miles per hour, passenger 
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accommodation for 100 passengers and in addition a disposable lift of 24 tons, 
seems at present far off; as is also his 11-ton non-rigid with a disposable lift of 
five tons. 

A great feature is the passenger accommodation on the top of the large ship, 
including promenade deck saloons, etc., etc. What proportion of the 55 tons 
allowed for all fixed weights of this ship would be represented by the weight of 
decking 250ft. long by 22ft. wide? An open promenade deck, even at the cruising 
speed of 60 miles per hour, might involve eddies very disturbing to some 
passengers at any rate. He expects (p. 94) a group of three airships to make 104 
trips per year of 3,500 miles, i.e., 2,200 actual flying hours per year per ship, and 
to go on doing it for four years. 

The object of the book is presumably to demonstrate the soundness of com- 
mercial airship transport. Several points which he raises scarcely appear sound 
policy. In discussing the merits of the airship by comparison with the aeroplane, 
he does his best with the estimate of speed, but omits his two best shots—(1) that 
an aeroplane flying only by day at least halves its effective speed on a long passage, 
and (2) that being limited to comparatively short trips the aeroplane course cannot 
be chosen to take full advantage of trade winds and meteorological conditions. 

The author points out that the aerodrome required for an airship may be 
smaller and of less firm and even surface than that required for aeroplanes. Is it 
not intended that airship freight should be distributed by aeroplanes, and changing 
aerodromes by motor lorry is unthinkable. 


things are usually arranged so that the tanks or 


” 


On p. 169 he aifirms that 
bags themselves can be dropped overboard in the event of water being frozen. 
This scarcely helps to convert the timid to a desire to have a commercial airship 
line running over‘their bedrooms. 


Some of the explanations are wrong technically. 


Page 120.—The airship “‘ will continue to ascend until . . . the dynamic lift 
just balances the reduction of gas lift due to gain of altitude. . . . On the 


other hand she can be driven downwards until the thrust is equal to the gain ot 
lift when it becomes necessary to valve gas.’’ This is obviously very loosely 
worded, but it certainly seems that the author really does think that the lift 
increases with decrease of height. 

Page 168.—‘‘ An airship is in a state of ascensional stability when the lifting 
power of the ship and the weight of her are exactly equal and the smallest excess 
of lift is sufficient to cause a descent.’” We should like to observe this ‘‘ state.”’ 

On pages 123, 124 he tells of directional wireless that at ranges of 2,000 miles 
with an accuracy of a quarter of a degree * allows great circle lines to be drawn 
on the chart, etc.’ (Drawing the great circles is hard enough for those who have 
tried it.) Also of the Bellini Tozi system in which one “ sends out signals in 
various directions to be caught by land stations and the compass bearings noted.’’ 

The purpose of the following is difficult to appreciate, puge 37.—‘‘ If a great 
storm is encountered with such a head wind that the ship cannot reach its 
destination, the ship should turn and run with the wind.’’ Unless it be to show 
what a really vast reserve of petrol an airship can carry. 

On page 157 he explains that the velocity of gas leaving the exhaust valve 
is about 2,5ooft. per second. The noise of the open exhaust is due to the issue 
of gases at a velocity higher than that of sound and the main disturbances are 
suppressed as soon as the velocity is brought below 1,14o0ft. per second, the 
velocity of sound in air. 

It is most disappointing that a book, which by its title and author promises 
to be of such great value, should for the reasons indicated above fail to fill the 
very great need which still exists for a sound book on technical airship matters. 


| 
| 
== 
| 


THE AERONAUTICAL JOURNAL (January, 1921 


OBITUARY. 
THE LATE MAJOR LINTON HOPE, M.I.N.A. 
* + Would’st thou,’ so the helusman answered, * know the secret of the seas ??” 


Major Linton Hope sailed before the mast, and worked as a carpenter and 
boat builder, on which solid foundation he based his study of Naval Architecture, 
specialising in light resilient construction. His many published writings and 
books form an unequalled body of authoritative information on the subject. 

As a member of the Institute of Naval Architects, as Consulting Naval 
Architect to the King of the Belgians,.and as a prominent member of the Yacht 
Racing .\ssociation, he exercised a sound influence on the technical side of his 
profession, while as a clever helmsman and a keen sportsman, he carried many 
flags at the end of a season’s racing. 

Useful inventions marked his mechanical aptness. All classes of yachts, 
sailing dinghies, skimming dishes and motor boats showed the soundness of his 
principles and the versatility of his applications by their variety and success. 

The cruising schooner ** Molihawk III.’’ (go-tonner), the Hope-Thorneycroft 
Hydroplane, and the t-rater ‘‘ Sorceress’ may serve as examples. The com- 
bination of strength and lightness, for which his hulls were distinguished, marked 
him as the very man to bring into consultation on the design of hulls for sea- 
aeroplanes. His first design, the A.D. boat, was a revelation to hull designers, 
and his P.5 hull set a standard which will remain for many years. He professed 
having little knowledge of formal mathematics, vet he was deeply imbued with 
the true spirit of the geométre. 

Probably he never, in his life. wrote down the second differential coefficient 
of the simplest function, vet his eve detected at a glance the slightest discontinuity 
in the second differential cochicient of a boat line. 

The calculus of variations was less known to him than Greek, yet his variation 
of hull lines to vield the ‘* best’? compromise was a masterly application of its 
principles. 

His modesty of manner concealed from superficial acquaintance his great 
talent, amounting to genius in his own line of work. There was nothing patchy 
about his hull designs; they were finished with high craftsmanship to the last 
detail. 

His personal friends will long cherish remembrance of the charm of his 
companionship. 


